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 i 
Abstract 
 
The primary purpose of this project is to investigate the engineering design 
process and use it to design a disposable water bottle for mass production that is 
aesthetically pleasing, structurally sound, market appropriate and financially 
viable. It is the intention that the water bottle, complete with branding, will go on 
sale in the Australian market.   
In the past decade bottled water has grown to become a major seller in the 
Australian beverage market. With many resources spent on the marketing and 
sales of a disposable water bottle, this project endeavours to design a bottle 
tailored to its target demographic from the ground up.  
Largely in depth survey research from select focus groups within a target 
demographic will assure the accuracy of the specifications and the direct 
relevance to the intended consumer.  
An engineering design approach ensures that the bottle will not only be rigorously 
designed to heavily researched specifications but also computationally tested to 
guarantee the success of the completed product.  
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1 Introduction 
1.1 Chapter Overview 
The aim of this chapter is to give the reader an insight into the purpose and research 
objectives of this project and the industry from which it came. It should also provide the 
reader with an understanding of the current industry position on the disposable water 
bottle and the boundaries in which this project is conducted.  
The primary purpose of this project is to investigate the engineering design process, 
develop a suitable aesthetically pleasing disposable water bottle design and produce a 3D 
printed prototype of that design.   
1.2 Project Topic 
Engineering Design of a Disposable Water Bottle for an Australian Market. 
This project will use an engineering design approach to develop an aesthetically pleasing 
disposable water bottle for mass production. If successful it is the intention that this water 
bottle complete with branding go on sale in the Australian market. 
1.3 Project Background 
The concept of bottling and selling water has been around for centuries, but only recently 
bottled water has become a major seller in the beverage market. The last decade has seen 
many industry leading companies spend mountains of money on the presentation and 
marketing of their bottled water. As a result of the increased cash input and focus by the 
marketing departments of companies in the industry, the amount of bottled water sold in 
Australia has increased exponentially to reach 730 million litres sold in 2012 totalling a 
gross market turnover of $600.7 million. (Lin 2012) 
There are different types of bottled water available on the market. The main types of 
bottled water sold in Australia are: (Are you drinking what you think you are drinking?  
2012) 
 Spring Water is the most common type of water sold in bottles in Australia. It 
comes from underground springs or aquifers in which the water naturally filters 
through the earth and settles in the spring. 
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 Purified Water is also commonly bottled for sale in Australia and is defined by 
water that has had bacteria and dissolved solids removed by some purification 
process (usually reverse osmosis). 
 Mineral Water is classified by water that has at least 250 ppm of total dissolved 
solids. This must be naturally occurring and no minerals can be added to the water 
once it is cultivated. 
 Sparkling Water is made of spring water or purified water that has been lightly 
carbonated. The carbonation process involves dissolving carbon dioxide in the 
water under high pressure. Once this pressure is released it causes the water to 
have a fizzing sensation. 
Bottled water is sold in many different sizes to cater for the individual need of the 
customer. Most manufacturers have a range of different size bottles in the same style 
design. The other main difference between the ranges of water bottles is what type of lid 
the bottle has, these predominantly vary between screw tops, pop tops and sports caps.  
The market leaders in bottled water sales in Australia are Coca-Cola Amatil and Asahi 
Holdings PTY. LTD. These two companies account for more than 85% of the market share 
amongst their brands which include Mt Franklin and Cool Ridge respectively.  
Most if not all bottled water sellers aim for the socially aware, health-conscious, 
contemporary demographic of people that exists in Australia. Research shows that this 
demographic will actively seek and choose water over the less healthy options of soft drink 
and juice. (Who is drinking bottled water?  2004) 
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1.4 Research Aim and Objectives 
The aim of this project is to design a disposable water bottle for mass production that is 
aesthetically pleasing, as environmentally friendly as practicable, structurally sound, 
market appropriate and financially viable. This project will also endeavour to provide a best 
option for the water bottle’s manufacturing process, as well as any required designs for 
moulds that may be needed in that manufacturing stage.  
The research objectives of this project are characterised below: 
 Understand the market that the water bottle is to enter and choose an appropriate 
demographic to target with the design. 
 Investigate the importance of aesthetics to the consumer and understand the 
requirement in aesthetics for the chosen demographics majority. 
 Research and understand the significance of colour, size, shape and lid of the bottle 
design and the effect that they have on the manufacturer, transporter, retailer and 
consumer. 
 Investigate and implement a material selection process for both the bottle carcass 
and bottle lid. 
 Determine the most practicable manufacturing process for the final design. 
1.5 Justification 
The justification of this project is initially derived from the industry sponsor wanting to join 
the bottled water market as a brand as opposed to just a manufacturer and bottling line for 
other brands. This project will not only decipher whether it is a plausible option to join the 
competitive market but also suggest what demographic to target and with what product 
packaging.  
This project will decipher the importance of the design of water bottle in the marketing and 
sales course. As such the research into the bottle’s shape, colour, size, material, label and 
lid will form a scientific basis on which the disposable water bottle shall be designed.  
The market review and research that this project will conduct will serve as a foundation not 
only for this design but also any future water bottle designs that the industry sponsor may 
look at implementing. 
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1.6 Scope 
As the purpose of this project is predominantly to design a disposable water bottle for an 
Australian market, the research scope of this project will include investigation into the 
design methodology to be used and a review of the current market and industry in 
Australia.  
An appropriate design methodology will be selected and with the knowledge gained from 
the industry review will be used to create a number of potential designs. These designs 
shall be drawn using Solid Works, a 3-D CAD modelling program. One of these designs will 
be selected with the aid of surveys through focus groups and will further progress to have a 
3-D print manufactured. 
ANSYS 14 has been used to create finite element analysis reports of this design. These 
reports will test the bottle design to ensure that it can withstand the stresses and strains 
that it will be subjected to throughout its life cycle from the bottling line to the consumer. 
In addition to the bottle carcass and lid, a label complete with branding will be designed to 
appeal to the demographic that has been selected as the market target. 
1.7 Deliverables 
Upon the completion of this project the following things shall be produced: 
 Literature review encompassing the current water bottle market. 
 Design methodology most appropriate for designing disposable water bottles. 
 Recommendation into a target market, including surveys of that market’s opinions. 
 3-D CAD drawings of all conceptual designs. 
 A 3-D print of the chosen design. 
 Finite element analysis on the chosen water bottle design. 
 Physical testing and FEA of a current disposable water bottle with comparisons for 
FEA validation for the chosen design. 
 Recommendation of a suitable and practical manufacturing process. 
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1.8 Dissertation Overview 
 
This dissertation is presented as follows: 
 
Chapter 2 discusses the current market for the different types of bottled water sold in 
Australia, summarises what the current market leaders are undertaking and reviews 
literature offering predictions of the market’s future. Furthermore, current designs are 
reviewed with focus on the evident variables in water bottle design and the materials 
currently used. 
 
Chapter 3 defines suitable methodologies for the design and manufacture of the 
disposable. Any resources required for this project are stated in this chapter and their 
attainability is assessed. This chapter also includes a risk and hazard identification and 
classification and provides any necessary mitigation strategies.  
 
Chapter 4 details the final design selection, development and prototypes. This includes 
presenting and discussing the results of the project’s tests and details the methods used to 
validate the projects’ success. 
 
Chapter 5 summarises the work executed in this thesis and recognizes any potential further 
studies and developments on this topic. 
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2 Review of Literature 
2.1 Chapter Overview 
This chapter will review previous studies and current literature that have been published 
regarding disposable water bottle designs and the bottled water industry in Australia. 
Other relevant information will also be collected from unpublished sources, including 
industry professionals and area specialists.  
Research into the materials, design methodologies and theories, manufacturing processes, 
human and external factors, environmental influences, branding and marketing shall be 
conducted. The results that this research will yield shall be used to create the methodology 
and validate the designs of this project. 
2.2 Marketing 
In the last decade Australian bottled water sales have grown exponentially, reaching a 
market size valued in excess of $1.3 billion. In the 10 years between 2001 and 2011 bottled 
water turnover in Australia increased by roughly 755% to reach a volume of 597 million 
litres per annum. In that same period the global bottled water market grew from 90 to 218 
billion litres per annum.  (Datamonitor.com 2011) 
 
Figure 2:1 - Market Size Bottled Water Australia 
The growth in the Australian market has been mainly attributed to a healthy living initiative 
introduced by the Australian government for the new millennium. Dege writes “parts of the 
world have diverse traditions of water consumption, which means that they respond to 
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market pressures in distinct ways. Overlaying them all are modern global factors such as 
health and well- being.” (Dege 2011)  
The leaders of the Australian bottled water industry, namely Coca-Cola Amatil and 
Schweppes (now Asahi Holdings) embraced this initiative and the opportunities it brought 
for bottled water sales in Australia. Both companies invested largely in the marketing of 
their Mt Franklin and Cool Ridge brands respectively, to the point where bottled water 
sales became the second biggest beverage seller behind carbonated soft drinks. A major 
tool in the marketing push of these bottled water brands was the design of the bottle itself. 
Both companies’ bottles have seen both evolution and revolution in their respective 
designs in the last 15 years which has seen the brands take separate directions in their 
design objectives. 
 Types of Bottled Water 2.2.1
Bottled waters are generally categorised according to the source of the water or the 
message used by the bottler to treat it. There are five main types of water that are bottled 
and sold in Australia. These different types of water are split into two categories, still water 
and carbonated water (also known as sparkling water). Including spring water, mineral 
water, purified water and flavoured water the market share of still water has grown to just 
over 80% of all bottled water sold in Australia. Significantly changing the market dynamic 
from the early 2000’s where around 55% of all bottled water sold was sparkling water. 
 Spring water 2.2.1.1
Spring water is by far the biggest seller of the bottled water varieties accounting for almost 
55% of all bottled water sold in Australia in 2012 (Lin 2012). Originating from underground 
springs or aquifers, the process to produce naturally filtered spring water can take 
anywhere up to 40 years for a full cycle. “The contents of spring water vary, with each 
spring producing a unique mix of sulphates, calcium, phosphorous and magnesium. Bottled 
spring water goes through a process of filtration, UV sterilisation and ozonisation to remove 
undesirable compounds and organic elements.”(Lin 2012) Spring water is filtered through 
the earth’s crust passing through sand, gravels, granite and other fractured rocks. The 
permeability and transmissivity of these rocks are what dictate the rate at which the 
aquifer naturally replenishes.  
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Figure 2:2 - Groundwater flow in the hydrological spring water cycle 
 Mineral Water 2.2.1.2
Like spring water, mineral water is a naturally occurring commodity and is collected and 
bottled as it is found. It is defined as water that has been scientifically proven to have a 
least 250 ppm of total dissolved solids. These minerals must be naturally occurring for the 
water to be marketed and sold as mineral water. Mineral water is used for both still water 
and sparkling water depending on its natural effervescence. Foodwatch.com states that 
“mineral water is water containing minerals or other dissolved substances that alter its 
taste or give it supposed therapeutic value. Salts, sulphur compounds and gases are 
among the substances that can be dissolved in the water.”(Soda water and mineral 
water: what's the difference?  2010)  
 Purified Water 2.2.1.3
Purified drinking water is defined by water that has been subjected to a filtration process to 
eliminate unwanted particles that make it acceptable for human consumption. There are 
different methods used to achieve this filtration process. Processes such as distillation, 
deionisation and reverse osmosis are the most common drinking water filtration processes, 
but water can also be purified by other processes including carbon filtration, 
microfiltration, ultrafiltration, ultraviolet oxidisation and electro dialysis. The purification 
processes are so effective that some minerals and impurities must be reinjected into the 
water so that it is safe for consumption. If the water is too pure it can cause diuresis which 
leads to a loss of electrolytes. (Gibbs 2003) Using purified water allows the bottler to use 
tap water but requires it to undergo one of the fore mentioned filtration processes.         
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This eliminates transportation costs to move water to the bottling plant that would be 
associated with spring or mineral water. 
 Sparkling Water 2.2.1.4
Sparkling water, also known as soda water is an effervescent beverage consisting of water 
charged with pressured dissolved carbon dioxide. This carbonation process is the same one 
used to create soft drinks, however with sparkling water there are no added colours or 
flavours. Once the bottle has been opened the pressure is released which allows the 
carbon dioxide form visible bubbles. The size and quantity of bubbles is directly related to 
the amount of carbon dioxide added in the process. The carbonation process has negligible 
corrosion effects on the bottle’s materials or equipment in the bottling process. Due to its 
hybrid nature between spring water and soft drink, sparkling water has been used to target 
different markets to that of other bottled waters. 
 Demand for Bottled Water 2.2.2
As previously stated the demand for bottled water in Australia has seen a huge rise in the 
past 10 years. Bottled water has become a major player in the beverage market growing 
from an overall market share of 5% in 2001 to 23% in 2012. Afrbiz attribute this growth in 
market share to a combination of factors including: 
 A shift towards a healthier lifestyle including a move away from high sugar content 
carbonated drinks. 
 The growing demand for kilojoule free beverage options. 
 A consumer readiness to purchase convenient, clean, chilled and ready to drink 
water. 
 The conveniences offered by innovative packaging options such as squirt and pump 
tops and bottle designs. 
This growth in the industry has also seen a swing in market share from sparkling water to 
still water. Data monitor published that “the leading revenue source for the Australia 
bottled water market in 2003 was the sparkling water sector, which accounted for just over 
55% of the market’s value. In value terms this sector was worth $99.8 million in 2003. The 
still water sector generated a value of $80.7 million in the same year.” (Datamonitor.com 
2011) Comparing this to the current data collected by IBIS world, which states that in 2012 
spring water accounted for 54.2% ($326 million) and sparkling water made up only 17.3% 
($104 million), clearly shows this trend. IBIS world also stated that the rest of the Australian 
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bottled water market share was made up by purified water 13.8% and mineral water 
14.7%.  
These statistics would suggest that bottled spring water is the safe and logical choice of 
product to enter the industry with. The combination of the availability, cost, production 
ease and statistical sales and consumption data, spring water has been selected as the 
water type that will fill the bottle designed in this project. 
 Australian Market  Leaders 2.2.3
The Australian beverage market is dominated by two companies, Coca-Cola Amatil and 
Asahi Holdings. These two companies have a range of bottled water brands in their 
portfolios which make up an astounding 85% of the market. The remaining 15% of the 
market is made up of Bickford’s Australia (1%), Sanitarium (1%), imported water (1%) and 
private label products (12%). Retailers selling their own private label bottled water brands 
include Woolworths, Coles, Night Owl, Aldi, IGA and 7-Eleven. It is predicted that private 
label bottled water will experience growth at a slower rate than other beverage segments 
in Australia due to bottled water remaining significantly brand orientated. This further 
emphasizes the importance of brand awareness and the need for the best possible 
marketing tools, such as bottle aesthetics. (Lin 2012) 
 Demographics 2.2.4
Demographics are defined as statistical data relating to a specific portion of the population. 
Demographics are commonly selected by discriminating age, sex, income, ethnic 
background or a combination of identifying features. The main factors used to decipher a 
demographic for the bottled water industry are age, sex and to a lesser extent income. 
A target demographic is important for any product’s marketing scheme, as different 
demographics demand different things. Historically bottled water marketing departments 
target the female demographic from ages 18 to 35, as this gender and age group have been 
suggested to be the most likely bottled water buyer. In recent times independent research 
combined with sales figures suggest that men in the 18 to 30-year-old demographic are 
consuming an increasingly larger proportion of bottled water in Australia. (Who is drinking 
bottled water?  2004)  Partly attributed to the same health awareness and convenience 
reasons that saw the growth in bottled water sales as a whole, the increase in male 
consumption is also thought to be due to the changing public perception of men drinking 
bottled water. Historically, a male drinking water in public as opposed to a carbonated 
beverage or alcoholic beverage was seen as a sign of weakness. In recent times however, 
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men purchasing or consuming water in public has become a normal occurrence and as such 
is now more than ever accepted in society. This is foreseen to be a further growth market 
in the industry and as such would be a highly plausible demographic to target.  
Considering the increase in males aged between 18 – 30 purchasing bottled water, and the 
lack of current bottled water brands targeting this demographic with their marketing 
campaigns, the 18 – 30 year old male demographic has been chosen as the target 
demographic for this project. The opinion of the 18 – 30 year old female demographic shall 
also be collected as it is still the largest consumer of bottled water. 
 
2.3 Current Designs 
Typically the design of a disposable water bottle would use a generic design process. This 
process would include a recognition of need, list of design requirements, researching 
previous designs, final design selection, testing of the final design, manufacturing process 
selection and tooling design. This section of the literature review will research current 
designs on the market and the variable design factors involved with disposable water 
bottles. 
 Bottle Aesthetics 2.3.1
Perhaps the most important aspect of the design of a disposable water bottle is its 
aesthetic features and the way that they are perceived by the consumers. (Lin 2012) As the 
product inside the water bottles seldom differs the main tool that marketing departments 
can use to sell their bottled water is the way that it looks. Favourable bottle aesthetics rely 
on a combination of characteristics including size, shape, colour, bottle lid, its label and the 
material used to produce it.  
 Current Designs 2.3.1.1
This section will discuss the current popular and unique bottled water brand’s designs that 
lead the market in Australia, analysing the bottles aesthetics, cost and any other variable 
that may be perceived to have contributed to that bottle’s success. 
 
Mount Franklin is Australia’s leading bottled water brand, accounting for approximately 
40% of the total market in Australia. Owned by Coca-Cola Amatil, the brand’s sales, public 
awareness and market position are all contributed to by large national contracts with other 
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Figure 2:3 - Mt Franklin 
600ml easy crush Bottle 
successful businesses. The Mount Franklin range has seven different sized 
bottles from 250 mL to 2 L. With the most popular sizes in the range being 
the 600 mL and 1.5 L bottles.  
The 600 mL bottle (pictured left) has recently undergone a redesign to 
produce a lighter weight and more environmentally friendly bottle. The 
shape of the bottle is still conventionally round and has slight curves 
vertically, meeting the lid with a smooth well rounded surface. The 
addition of wave shaped creases below the bottles label are not only for 
aesthetic purposes, but allow for the bottle to be easily crushed when 
empty (pictured left bottom). 
The colour of the branding has also been modified, with the label including 
green stripes at the top and bottom. The green stripes have been included 
to signify the move to a more environmentally friendly bottle, with this 
bottle weighing just 12.8 g, 35% less than the average 600 mL bottle. The 
Mount Franklin bottle has a screw top lid. This led has also spent slightly 
redesigned to be a shorter lid meaning that it requires fewer turns to put 
on and take off. 
As with most disposable water bottles in Australia, Mount Franklin is 
manufactured by using a blow moulding process and the material PET 
(polyethylene terephthalate). (Coca-Cola-Amatil 2012) 
Pump is another popular brand of water owned by Coca-Cola Amatil. Like 
Mount Franklin, Pump has the advantage of large national contracts to 
boost its sales branding and market awareness. Pump is only manufactured 
in a 750 mL bottle with a sports cap. The bottles diameter is relatively large 
compared to the height of the bottle making the structure sturdy. This 
compromises some of the practicality, with the bottle not being able to fit 
into most water bottle holders. The bottle is cylindrical in shape with slight 
bulges above and below the label. Similar to the Mount Franklin bottle the 
pump bottle has grooves in it; however in the pump bottle they are above 
the label and are purely for aesthetic purposes. The bottle is manufactured 
out of clear PET, using the blow moulding process. Pump uses only white 
and dark blue to brand the product’s otherwise see through bottle. 
Figure 2:4 - 
Pump 750 mL 
bottle 
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 Cool Ridge is the second most popular bottled water in Australia behind 
Mount Franklin. It also has the advantage of national contracts, being the 
water in the Pepsi Company’s range of beverages, which is distributed in 
Australia by Asahi Holdings. The Cool Ridge range is available in 600 mL and 
1.5 L screw tops, as well as a 1 L sports cap bottle. 
The design of the Cool Ridge range of bottles carries a similar theme. The 
bottles are cylindrical and un-symmetrical in the vertical axis, with sharper 
lines and fillets in the bottle’s neck. The grooved pattern below the label is 
purely for visual and branding purposes. It is manufactured from a blow 
moulded PET that is colourless.  
The Cool Ridge bottle is one of the heaviest 600 mL water bottles on the 
market, weighing in at 23 grams. The extra material makes the wall 
thickness of the bottle greater, giving it better structural rigidity and 
reportedly, a preferable feel for the consumer. (MarketLine 2013) The Cool 
Ridge label uses predominantly dark blue colouring with highlights of 
orange and the Cool Ridge logo, which is grey. (Schweppes 2013) 
 
 
 
 
Nu-Pure is an independent water bottle company in Queensland that 
has managed to enter the competitive market with a reasonable 
amount of success. The Nu-Pure bottle is similar to the market 
leaders in the respect that it is a see-through blow moulded PET 
bottle, with dark blue is its highlight colour, and is available in a 
range of sizes with either a twist cap or pop top lid. 
According to industry experts one of the main reasons new pure has 
had success in entering the market is the shape of the bottle. The 
entire range of Nu-Pure bottles has a somewhat unique square shape 
giving them a point of difference from the majority of bottled waters available in the 
Australian market. (Gill 2013) 
Figure 2:5 - Cool 
Ridge 600 mL bottle 
Figure 2:6 - Cool 
Ridge 1 L pop 
top bottle 
Figure 2:7 - Nu- Pure 600 mL 
screw cap & pop top bottles 
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Voss water is imported from Norway and sold exclusively in selected 
restaurants, bars and hotels. Voss water is only available in 375 mL blown glass 
bottle. The bottle styling and material is very important to Voss’ selected 
market position, targeting the high-end market. The shape of the bottle is a tall 
and slender cylinder that has no grooves. The lid of the bottle is a unique screw 
top that has the same diameter as the bottle itself; however the bottleneck and 
bottle opening steps down to a smaller diameter that is easier to drink from. 
The bottle is clear using silver for the lid and bottle writing as its only colour.  
 
Evian is one of the worlds most renowned and bestselling bottled waters. 
Imported from France, Evian is marketed to the high-end consumer and 
portrayed as a luxury and expensive bottled water. It is available in a range 
of sizes from 330 mL to 2 L bottles, with the most popular size sold being 
500 mL. The Evian bottle is a fairly conventional round shape with a slight 
draw close to the base and a moderate taper above the label to the base of 
the lid. The bottle design includes grooves in the shape of mountains, 
incorporating a part of the Evian logo into the bottle’s PET material. Below 
the label also has grooved lines in the bottle material to provide a visual 
effect making the bottle less bland. The Evian bottle successfully 
incorporates the colour red into its label as the predominant colour and 
uses a light blue for contrast in the label. It has a typical screw top lid in a 
light blue colour that blends with the label highlights. This bottle weighs 
less than almost all of its main competition’s bottles whilst still retaining a 
solid feeling of structural rigidity in the consumer’s hand. This has been 
attributed to the surface finish included in the bottle’s sides. The surface’s 
amorphous arrangement of rounded micro peaks and troughs gives the 
bottle wall a significantly higher cylindrical strength, allowing the bottle 
structure to behave less anisotropically and hold its shape under higher 
compressive loads.  
Fiji Water, as the name would suggest is cultivated and bottled in Fiji from 
an artesian aquifer. Originally imported to Australia as high-end water that 
was originally reserved for restaurants and hotels, Fiji Water is now more 
readily available in the Australian market but is priced to still target the 
Figure 2:8 - Voss 
375 mL bottle 
Figure 2:9 - 
Evian 500 mL 
bottle 
Figure 2:10 - Fiji 
Water 500 mL 
bottle 
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high-end market. It is available in a range of bottles from 330 mL to 1.5 L, 
with the most popular being the 500 mL and 1 L bottles. The Fiji Water 
bottle has a square footprint, a 45° taper into the lid, a recess for the label 
and a smooth surface making it a relatively bland and straightforward 
bottle design. The lid is a typical light blue screw top design.  
The label however, consists of two separate stickers one clear sticker 
contains the branding, whilst the other sticker has a picture of what the 
marketing department would like the consumer to see as natural and 
quintessentially Fijian, local Fijian flora. This label can be seen through the bottle’s clear 
PET surface and because of the water gives an almost 3-D like effect to the label. The Fiji 
water label is the most elaborate design of the different bottles assessed in this thesis. 
Predominantly blue and green with a pink highlight, white logo and gold trimmings, the 
label is a snapshot trees and flowers representing Fiji the tropical island.    
 Current Designs Distinguishing Attributes 2.3.1.2
The attributes that are considered to have an effect on the opinions of the consumer either 
actively or subconsciously are the bottle size, weight, height, width, opening diameter, 
colour, shape, lid type and material. Table 2:1 compiles all of these attributes from the 
market leading bottles analysed to gain a better understanding of which qualities are the 
most commonly used.  
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Table 2:1 - Current market leading disposable water bottle design factors 
Brand Water 
Type 
Size Weight 
(Without 
Lid) 
Maximum 
Height 
Maximum 
Width (OD) 
Opening 
Size (ID) 
Colours Shape Lid Material 
Mt. Franklin Still 
Spring 
 
600 mL 
 
12.8 g 
 
220 mm 
 
68 mm 
 
22 mm 
Light Blue 
Green 
Silver 
 
Round 
Light blue 
screw top 
 
PET 
Pump Still 
Spring 
750 mL 28 g 230 mm 80 mm 22 mm Blue Round Blue/White 
sports cap  
PET 
 
Cool Ridge 
Still 
Spring 
 
600 mL 
 
23 g 
 
218 mm 
 
 
70 mm 
 
22 mm 
Blue 
Orange 
Grey 
Round 
unsymmetrical 
White screw 
top 
 
 
PET 
 
Cool Ridge 
Still 
Spring 
 
1 L 
 
 
30 g 
 
272 mm 
 
80 mm 
 
22 mm 
Blue 
Orange 
Grey 
Round 
unsymmetrical 
Clear/blue 
pop top 
 
 
PET 
 
Nu Pure 
Still 
Spring 
 
600 mL 
 
20 g 
 
210 mm 
 
62 mm 
(one side) 
 
22 mm 
Blue 
White 
 
Square 
White 
opaque 
screw top 
 
PET 
 
Voss 
Still 
Artesian 
Spring 
 
375 mL 
 
259 g 
 
228 mm 
 
52 mm 
 
22 mm 
Silver 
White 
 
Cylinder 
Silver screw 
top 
 
Glass 
 
Evian 
Still 
Mineral 
 
500 mL 
 
16 g 
 
215 mm 
 
65 mm 
 
25 mm 
Red 
Blue 
White 
 
Round 
Light blue 
screw top 
 
PET 
 
Evian 
Still 
Mineral 
 
750 mL 
 
25 g 
 
225 mm  
 
85 mm 
 
25 mm 
Red 
Blue 
White 
 
Round 
Red pop top  
PET 
 
 
Fiji 
 
Still 
Artesian 
Spring 
 
 
500 mL 
 
 
23 g 
 
 
 
178 mm 
 
 
64 mm 
(one side) 
 
 
22 mm 
Blue 
Green 
Gold 
Pink 
White 
 
 
Square 
 
Blue screw 
top 
 
 
PET 
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 Bottle Shape 2.3.1.3
The shape of a disposable water bottle can have a range of characteristics that a designer 
may strive for. Style and visual appeal to the customer are important for the marketing of 
the bottled water, and practicality and functionality are crucial to a successful design. The 
majority of successful bottled water manufacturers in Australia have a design that 
successfully blends a balance of looks and function in their bottles shape. 
One of the main limiting factors on a bottle’s shape is the material and thus the 
manufacturing process used to produce it. As the majority of disposable water bottles are 
manufactured from PET using a blow moulding process they are subjected to design 
constraints to ensure consistency and reliability throughout the production phase. It has 
been documented that the design constraints for this method are as follows: 
 Square surfaces with sharp corners are undesirable as consistency in the blowing 
stage cannot be assured and irregularities and inconsistencies will occur in the 
bottles. 
 Complications in blow moulding can occur if there are extreme gradients in size 
relationships in the design, such as a wide section into a narrow section without 
adequate distance for that shape change. 
 Excessive deviations in the surface can cause variable wall thickness due to an 
inability to blow the material out evenly. 
 Fillets and rounds in all corners, ribs and edges will promote a more uniform wall 
thickness whilst reducing stress risers. 
 PET will work best if the design is as such that impact energy can be absorbed 
elastically by the material. 
(Masood et al. 2006)  
Almost all bottled water designs incorporate grooves in the bottle’s material. There are two 
reasons for integrating these grooves into the bottle’s design, the main reason is for 
aesthetic appeal and the other reason is for structural integrity. The majority of water bottle 
designs assessed included horizontal grooves underneath the bottles label. These grooves 
are incorporated to keep the bottle material’s strength in the horizontal direction whilst 
reducing the strength in the vertical direction. The grooves are to make it easier to crush the 
bottle vertically once empty, reducing the space needed to dispose of the used bottle. The 
600 mL Mount Franklin bottle design has taken structural grooves to the next level, including 
them in the overall bottle design making it even easier to crush vertically whilst still keeping a 
large amount of structural integrity and horizontal direction. This design has won awards and 
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been highly commended due to the reduced carbon footprint and effect on the environment 
as a result of this easy crushing ability. The design uses less material, can be easily 
manufactured at multiple locations reducing transport costs, and gives consumers incentive 
to recycle. (Birk 2011) 
 
Figure 2:11 - Mount Franklin easy crush design 
 
Occasionally the functionality of a disposable water bottle outweighs all 
other desired characteristics. Whilst the shape of the bottle impacts 
greatly on bottle aesthetics, it can have a greater effect on the bottle’s 
ability to be stacked in an efficient manner. This is evident in Mt Franklin’s 
250 ml bottle. Specifically designed for its compact stacking abilities, the 
small square bottle is often used in the aviation and maritime industries. 
 
 
There are other designs available that focus solely on appearances, such 
as Ogo branded water. The benefit of a design such as Ogo’s is that it will 
stand out on a sales shelf because of its irregularities compared to other 
bottles. The practicality of the bottle however, is completely 
compromised to achieve this uniqueness. 
 
Whilst the majority of bottle shapes employee a cylinder like design there are a few 
available on the market that of opted for a square footprint. This provides a point of 
difference when it comes to marketing the product and is slightly more practical in relation 
to packaging and storage. A square design makes crushing the bottle once finished slightly 
Figure 2:13 - OGO 330 
mL water bottle 
Figure 2:12 - 
Mount Franklin 
250 mL bottle 
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harder as there is more wall material and in turn more wall strength in the vertical 
direction. 
Shapes can influence the consumer’s perceptions leading them to assume certain things of 
the product prior to sampling. The influence is not exclusive to the overall bottle shape but 
also the lines in the bottle, on the branding and in the writing font used. Riber and Schwarz 
found that fluent stimuli are experienced as more credible and more aesthetically pleasing 
than non-fluent stimuli. (Reber & Schwartz 1999) Masculine shapes connote a common 
product that is less valuable and therefore cheaper. Feminine shapes induce favourable 
perceptions of exclusivity and a higher product value regardless of the actual price. 
(VanRompay & Pruyn 2008) 
Across the range of successful bottled water brands in Australia the common trend is to 
have an up-to-date and aesthetically pleasing bottle shape, whilst ensure the practicality is 
barely impeded. Whilst this is a common trend it is not necessarily the general consensus 
for the chosen demographic. For this reason further research shall be conducted in the 
methodology section of this report to help select the general shape that shall be used for 
the designing of the bottles. 
 Bottle Colour 2.3.1.4
The colour of a product has much more worth than just its aesthetic value. It is an integral 
element of communication between the product’s marketing department and a potential 
customer, as it can influence perceptions and behaviours whilst inducing moods and 
emotions. Society associates colours with certain objects, moods and meanings. Even 
though water is colourless, society has established a strong association between water and 
the colour blue. In different cultures colours have very different meanings. In western 
cultures the colour blue is seen as masculine as well as relaxing and pleasant, and is 
associated with high quality. (Aslam 2006)  
Colours are categorised into two classes known as “cold colours” and “warm colours“. 
Warm colours include red, yellow and orange and cold colours include blue and green. Red 
is known as the warmest colour whilst at the opposite end of the spectrum blue is known 
as coldest. Hyodo writes that “Cool colours lead to affective pleasure responses more 
strongly than the warm colours” making blue an ideal marketing colour for a beverage 
whose main purpose is to hydrate and quench thirst. (Hyodo 2011) 
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 Studies also show that the effect of having a beverage in different coloured glass affects 
the evaluation of that beverage thirst quenching quality by the consumer. 72.5% of people 
tested believed that cold colours have the highest thirst quenching quality. With 47.5% of 
people tested believed that beverage in a blue glass had higher thirst quenching 
capabilities than any other colour. (Gueguen 2003)  
Table 2:2 - Rate of subjects as a percentage indicating that the colour glass contained the most thirst-
quenching beverage (Gueguen 2003) 
 
Almost all of the bottled water brands on sale in Australia incorporate the colour blue into 
their bottle. This is assumed to be due to the aforementioned qualities and associations 
with that particular colour. Other colours are used additionally on bottles to evoke certain 
moods and feelings from potential consumers.  
Table 2:3 is a table of colours and their known associations in western society: 
Table 2:3 - Known Western Society Colour Associations 
Colour White Blue Green Yellow Silver 
Association Purity 
Happiness 
 
High quality 
Corporate 
Masculine 
Relaxing 
Pleasant 
Envy 
Good taste 
Environmentally 
friendly 
Happiness 
Jealousy 
 
Feminine 
Sensitive 
Elegant  
Colour Red Purple Black Gold  
Association Masculine 
Love 
Lust 
Fear 
Anger 
Authority 
Power 
Expensive 
Exclusive 
Fear 
Grief 
 
Elite 
Elegant 
Success 
Wealth 
Extravagance  
 
Multiple sources: (Aslam 2006), (Shi 2013) 
In recent years environmental activists have questioned the need for bottled water against 
its carbon footprint and other effects on the environment. To counteract this many 
companies have tried to incorporate the colour green into their logo to symbolise that they 
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are and environmentally friendly company, with Mount Franklin even donating heavily to 
Landcare Australia for the right to incorporate their logo onto Mount Franklin Packaging. 
Knowing what image the product is aiming to portray is essential in choosing the correct 
colours for the product’s branding. Whilst colours can arouse feelings and perceptions 
much quicker than writing or imagery, too many colours can result in losing the accuracy of 
the desired message and potential customers having diluted perceptions of the product. 
Further research shall be done to validate the findings made by Aslam and Shi. This shall be 
done by means of surveying a focus group. Once the results of this survey are known 
critical analysis into the requirements of the bottles colours shall be executed and the 
colours to be used on the bottle and label shall be selected. 
 
 Bottle Size 2.3.1.5
Bottled water comes in a range of sizes that are classified into two categories, personal 
bottles and share bottles. Personal bottles range from 250 mL to 1 L bottles and share 
bottles are classified by anything over 1 L. Personal bottles dominate industry sales in 
Australia with 600 mL PET bottles accounting for a mammoth 42% of the market share. (Lin 
2012) 
Together with the shape of the bottle, functional size is imperative to ensure a successful 
bottle design. It is important to maximise the water sold and minimise material used to do 
so, not only for customer value and satisfaction but also to minimise the environmental 
effects. If a bottle is too large it will not be able to fill the functional requirements of the 
consumer. The circumference of the bottle must be a size where it can fit comfortably in a 
consumer’s hand, as well as in the majority of bottle holsters on bikes, cars and exercise 
equipment. To ensure this is achieved most designs employ a 95th percentile ruling to 
ensure the size is comfortable for the population excluding the anomalies outside the 
upper and lower limits.  The 95th percentile average hand length for males is between 205 - 
209 mm, whilst for females it is 189 - 191 mm. These hand lengths give a maximum 
comfortable grip diameter of 85 mm for males and 81 mm for females for weights up to 
five kilograms. (Hand Anthropometry  2007) 
The size of the opening is vital to ensuring that the consumption of water occurs in a 
smooth manner. This is because the water’s maximum flow rate is directly related to the 
size of the bottle opening. All of the available bottles analysed for this project had an 
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opening size of either 22 mm or 25 mm, with the large majority having a 22 mm opening 
diameter. According to Gill, the main reason for the bottle opening size of 22 mm in the 
vast majority of disposable water bottles, particularly in the Australian market, is due to the 
brand’s association with a soft drink. Mount Franklin and Cool Ridge are members of the 
Coca-Cola and Pepsi ranges respectively in Australia, and due to the economic and the 
logistic benefits, share the same bottle opening size and lid. Gill suggests that because 
water is not carbonated it can afford a larger opening to allow the water to flow more 
freely.  (Gill 2013)  This is reinforced by the Evian Water bottles which have a 25 mm 
diameter opening. Evian’s leading product is bottled water, meaning that their bottle 
designs were created solely for water without the external factors of continuity across a 
range of beverages that Mount Franklin and Cool Ridge needed to consider in their design 
stages. 
No literature was found detailing the general opinions of males between the ages of 18 and 
30 on the topic of disposable water bottle size. Further research into this shall be 
completed in the methodology section of this report. This shall help with an overall 
understanding of the demographics preferable bottle dimensions and in turn will help 
select the sizes to be used in the design stage. 
 
 Bottle Lid 2.3.1.6
The main function of the bottle lid is to seal and unseal the container on demand, so that it 
is watertight and none of its contents can escape when sealed, but will free flow from the 
opening when unsealed. (Dege 2011) 
Whilst there are many different shapes and colours in the differing lid variations there are 
only three main types of lids, screw cap, pop top and sports cap. Lid manufacturing occurs 
separately to the bottle carcass manufacturing with most lids being made from Type 2 
plastic known as high density polyethylene (HDPE). This is due to its range of colours, 
opaque appearance and cost advantage over PET. Some manufactures opt for type 6 plastic 
as it has a smooth finish than HDPE and its appearance is more translucent. Due to the 
need for expensive machinery and moulds for different types of lids the majority of 
companies (with the exception of those who produce the quantities of bottled water to 
warrant owning the machinery) purchase their lids from external companies. (Gill 2013) 
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The most popular choice of lid by bottle manufacturers is the screw top. Used for its 
simplistic and cost-effective design, the screw top has a threaded rim corresponding to that 
on the neck of the bottle so when turned tightly together create a watertight seal. The 
screw caps on the bottles researched have three main differences, the thread count, lid 
height and lid diameter.  
 
Figure 2:14 - Screw Cap Lid Varieties 
As previously mentioned the Mount Franklin and Cool Ridge bottled waters use the same 
lids as on their carbonated soft drink ranges due to the logistical and economic benefits. As 
a result the thread count on their lid was designed and engineered to withhold the 
pressures of carbonated soft drink as opposed to just water. The effect of this is that the 
threads never reach anywhere near their strength limits on the water bottle and the lid 
requires a 540° twist to completely open. The lids specifically designed for water bottles 
require only a 180° twist because the maximum pressure it needs to contain is far smaller 
than that of a carbonated drink bottle, resulting in a reduced thread count and greater lead 
angle. 
The pop top and sports cap lids are also fixed to the bottle by a screw thread. The main 
opening however has been designed to release the seal in one motion, making the water 
easier to access when doing other tasks simultaneously. The pop top lid works with a 
sliding mechanism that when down forms a seal with the base of the lid and when open 
creates a passage for the water to flow out.  
The sports cap has been designed with the same objective of easy access. It operates with a 
hinge that swings the lids cap on and off creating a seal with the opening in the lids base. 
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               Figure 2:15 - Pop Top Lid    Figure 2:16 - Sports Cap Lid 
According to Gill the pop top and sports Lid target the same market which is different to 
that of the generic screw cap. Gill also stated that unless huge quantities of bottled water 
were being manufactured on a regular basis it would be uneconomical to produce a lid 
when there are many different variants available for purchase at reasonable prices. (Gill 
2013) 
As the selected target demographic of 18 to 30-year-old males has not been researched 
and made publicly available in relation to their preference of lid type on the disposable 
water bottle, further research shall be conducted in the methodology section of this 
project. Once this research has been completed and educated selection of the lid type for 
the design process can be made. 
 Materials Currently Used   2.3.2
The materials used to manufacture a disposable water bottle are selected for a variety of 
reasons. Predominantly cost, availability, material properties and functionality dictate the 
type of material a manufacturer will use to produce their bottle. The material must be 
watertight and able to stand up to the stresses it will be succumbed to in packaging, 
transport and everyday use.  
The materials used to manufacture disposable water bottle carcasses generally only range 
between glass and polyethylene terephthalate (PET), with the latter dominating the 
Australian market. High density polyethylene (HDPE) is the material used to manufacture 
the bottle lids; this material is constant for lids across all types of bottle carcasses. Water 
cooler storage bottles are made from Polycarbonate (PC) and whilst it is not used currently 
to produce personal disposable water bottles this material may possess the desired 
attributes to do so. (Masood et al. 2006) 
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In recent times there has been pressure on the water bottling industry by environmental 
activists and lobbyists claiming that the bottling of water in disposable bottles is 
unnecessary and harmful to the environment. This has pressured the industry into 
experimenting with the materials used to bottle their water. These experiments have seen 
less material used resulting in a thinner wall thickness and a loss in structural integrity of 
the bottle. Recycled material has also been introduced into the manufacturing, however 
recycled PET results in a yellow tinge to the final product and reduces the materials 
physical strength properties by up to 23% depending on the blend ratio. (Lee et al. 2013) 
 PET (Polyethylene Terephthalate) 2.3.2.1
Polyethylene terephthalate is a thermoplastic polymer and comes from the polyester 
family. It is a very versatile material and is most commonly used to create synthetic fibres. 
Due to its high strength characteristics PET is also commonly used in the manufacturing of 
containers for food and beverages, with disposable bottles accounting for around 30% of 
global demand. (Dege 2011)  
PET can either have a translucent finish or an opaque finish. This is dependent on the size 
of the crystals that form during the forming process of the raw material. It is a naturally 
colourless material that in its raw form is a crystalline resin. Water bottle manufacturers 
will most commonly keep the translucent finish to the material, with some opting to add 
colour to the bottle. Colours can be added to the PET when it is in its liquid state; at this 
stage it is also hygroscopic. During the heating stage a hydrolysis phase occurs and once the 
material has set it will lose its hygroscopic abilities and will not absorb any water.  
One of the most important characteristics of PET is its intrinsic viscosity. A dimensionless 
number, intrinsic viscosity is a measure of solutes contributing to the viscosity of a solution. 
Intrinsic viscosity can be found with the following equation: 
[ ]      
   
(
    
    
)
 
 
Where:  [ ]  =  Intrinsic Viscosity  
  ɳ  =  Viscosity of a solution  
  ɳ0  =  Viscosity in the absence of the solute 
    = Volume fraction of the solute in the solution 
 
The intrinsic viscosity of PET is considered to be versatile due to the range of polymer chain 
lengths that PET can produce. For disposable water bottles the intrinsic viscosity ranges 
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between 0.7 and 0.78. (The Importance Of Intrinsic Viscosity (IV) Measurement Throughout 
The PET Supply Chain  2013) 
A number of studies have been conducted into the release of phthalate’s from PET into the 
water stored inside it. All of the studies show that for the bottle to release a more than 
negligible amount of genotoxic compounds into its contents the bottle must be stored in 
temperatures above 60°C for a time period above 120 days. (Greifenstein et al. 2013) It was 
found however, that if a PET bottle of water were to be stored above 40°C for in excess of 
44 consecutive days an odour would be present in the water. This was shown to get 
progressively more pungent over time. (Keresztes et al. 2013)  
Whilst there is no standard for using PET bottles to store water all of the Australian 
manufacturers use PET as their bottle material include storage instructions on the label.  
 HDPE (High Density Polyethylene) 2.3.2.2
High density polyethylene is a thermoplastic material that is opaque in appearance. Its 
linear polymer structure is known for having a good strength to density ratio in comparison 
to other materials. The main use of the material is for containers of all types. Its ability to 
carry many different types of chemical compositions means that it is used in many 
applications, from laboratory bottles to cable installation and even hardhats. 
It is currently used in the water bottling industry to manufacture 10 L bulk water containers 
as well as the lids for PET and glass water bottles. Tests have shown that over time in 
warmer temperatures HDPE can omit barium and zinc into the water it is holding. Whilst 
barium can be extremely hazardous to the human nervous system, the amount that is 
omitted into the water from HDPE is negligible. As barium is non-carcinogenic and won’t 
bio-accumulate it has been deemed as a safe and plausible material for the storage of 
drinking water. 
 Glass 2.3.2.3
Occasionally glasses used in the manufacturing of water bottles. Glass water bottles are 
marketed as a premium product and as such are generally exclusively available at higher 
end outlets. Glass is available in a range of colours and can be manufactured in almost any 
shape or size. One of the main positive factors in using glass as a material is that it is 100% 
recyclable and will not lose any of its mechanical properties through the recycling process.  
Glass is a brittle material that is subject to shattering when exposed to shock loading. This 
makes it a less than ideal material to use for high volume production due to its 
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susceptibility to shattering in transport. One way to solve this problem is through the 
lamination of the glass bottle’s surface, reinforcing the bottle and absorbing some of the 
load. Glass is a much more expensive alternative to its plastic counterparts. As always the 
cost is passed onto the consumer, for this reason it is marketed to the higher end 
consumer. 
 Polycarbonate (PC) 2.3.2.4
Polycarbonate is a thermoplastic polymer containing carbon groups that can be easily 
formed into a vast range of shapes. PC is a durable material with high impact resistance 
under low scratch resistance making it a suitable material for a container of liquid such as 
water. Because of these properties PC is most commonly used in the water bottling 
industry for reusable bulk water storage bottles for chilled water dispensers as it can be 
reused up to 130 times before requiring disposal. (Masood et al. 2006) 
PC is another versatile material being used in the manufacture of compact discs, mobile 
telephones and because of its electrical installation qualities and resistance to heat is often 
used in electronic components. Its high resistance to shock loads has seen it implemented 
in the manufacture of bullet-proof “glass” and other security related functions. This 
versatility in the material has seen the price of PC become double that of PET, making it a 
less attractive option for disposable water bottles due to the large manufacturing 
quantities. 
2.4 Conclusion 
This chapter has given insight into the current workings of the disposable bottled water 
industry in Australia. It is also explored the variable factors surrounding the design, 
marketing and implementation of disposable bottled water. Whilst there have been 
valuable findings into these things currently function, more research is needed into the 
consumer opinions of bottle openings, lid type, shape, size and the colours used. Chapter 
three of this project will endeavour to ascertain these opinions and formulate a way to 
integrate them into the bottle design. 
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3 Research Design & Methodology 
The design process and methodology that has been followed for this project is based on 
the book “The Engineering Design Process” by Ertas & Jones.  
  
Figure 3:1 - Steps in the Engineering Design Process 
Other literature was used to reinforce the methods of Ertas & Jones, these books include: 
 Engineering Design Methods - Strategies for Product Design by Nigel Cross 
 Designer, Creator, Manager by Campbell Bowtell 
 Fundamentals of Engineering Design by William Lewis & Andrew Samuel 
This chapter will discuss the engineering design process implemented for this project, the 
justifications for its use and the evaluation of its performance. The design process used 
begins with the identification of the requirement for this project, works through the 
applicable engineering and marketing processes and concludes with the completion of a 
satisfactory working prototype of an aesthetically pleasing disposable water bottle. (Cross 
1995) 
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3.1 Recognition of Need 
 The design process begins by understanding the need and application for the desired 
outcome in the real world. In the case of this project the need is based upon a formal 
request to create an aesthetically pleasing disposable water bottle to go on sale in an 
Australian market. The origin of this need is not unusual, it has been published that “In 
many projects the need is identified by an organisation other than the one that will 
eventually accomplish the effort.” (Ertas & Jones 1996)  
 Needs and Goals 3.1.1
It is crucial to think outside the square when planning how to achieve the end goal, as 
“human beings tend to lose their objectivity once they have identified with a particular 
scheme and have contributed to its formulation and initial planning.” (Ertas & Jones 1996) 
To be able to accurately do this an excellent understanding of the needs and goals of the 
project must be obtained. (Kuczmarski 1992) 
This project aims to deliver a disposable water bottle with the following attributes:  
 Practical - the shape of the bottle and its final range of sizes must be practical in a 
sense that it can perform simple functions. These functions include; balancing 
when placed on a level surface, interact well with human factors and ergonomics 
i.e. hands and mouth, fit into bottle holders and be able to be packaged into a 
carton. 
 Aesthetically Pleasing - the bottle shall be appealing without compromising its 
practicality, this will be measured by using surveys with focus groups in the chosen 
demographic. 
 Minimal Environmental Harm - the bottle must be manufactured from a material 
that poses the least practicable amount of impact on the environment. As a bare 
minimum it must be 100% recyclable. 
 Structurally Sound - the final product must be able to withstand the rigours of 
initial packaging, transport, usage and a reasonable amount of mistreatment whilst 
still performing its primary function of holding water. This will be initially tested 
using finite element analysis in the program ANSYS 14 and as time permits a 
prototype will be physically tested in the Z-block labs at USQ. 
 Popular Within the Chosen Demographic - in addition to the aesthetic objective 
the bottles branding, colour scheme, bottle feel and overall design must be well 
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received by the 18 to 30-year-old chosen demographic. Again this will be measured 
using surveys within focus groups. 
 Conceptualisation 3.1.2
 The conceptualisation of designs aims to develop ideas into concepts without worrying 
about the finer constraints such as exact dimensions, materials or manufacturing 
processes. In this stage there are minimal hard boundaries to follow, theoretically this 
should encourage lateral thinking and produce uncontaminated, creative ideas and designs. 
Ertas & Jones suggest that a PMI (Plus, Minus, Interesting) system be implemented to 
assess the viability of each idea. A PMI system firstly focuses on the plus (P) or positive 
attributes of an idea or suggestion, then analyses the minus (M) or negative attributes of 
an idea or suggestion then finally investigates the interesting elements involved.  
Not all conceptual designs are viable, however this stage in the design process is essential 
for ensuring a creative and objective approach is used.  
 
3.2 The Design Requirements 
Elaborating further on the needs and goals of the object that is to be designed, the specific 
design requirements that must be considered in the final design stage are researched and 
detailed in this section. 
 Strength Requirements 3.2.1
Once a bottle is manufactured and filled it is then packaged into a carton, stacked onto a 
pallet and then transported to a retail outlet where it will be sold. During this process the 
bottles are subjected to forces that they must be able to stand up to.  
 Storage Forces 3.2.1.1
600 mL bottles are generally packaged into cartons containing 24 bottles. Once in their 
cartons they are stacked onto pallets and contained with saran that is wrapped around the 
outer cartons. Pallets are stacked six cartons high with 10 cartons per level and are then 
generally stacked two pallets high. This loading means that the bottles on the lowest level 
of the bottom carton are subjected to the highest forces. 
 32 
 
Figure 3:2 - Loaded Stacking Pallet 
The vertical load each bottle must withstand under these storage conditions is calculated 
by; 
    
               
   
   
Where; 
    =  Vertical Load per Bottle 
   = Pallet Weight   = 43 kg 
   = Bottle Mass   = 0.625 kg 
   = Bottles per Carton  = 24 
   = Cartons per Level  = 10 
    = Levels on Bottom Pallet  = 5 
    = Levels on Top Pallet  = 6 
   = Gravity    = 9.81 m/s2 
 
 
          
  
A 600 mL bottle at the bottom of a pallet stack must be able to withstand a 69.2 N static 
force.  
 Transport Forces 3.2.1.2
Bottles are transported in this pallet configuration on trucks however, for transport the 
pallets are not stacked. The Department of Justice and Attorney-General in Queensland 
specify that a load must be at a minimum restrained with the same force that the load 
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exerts due to its mass. This is so that if a truck rollover were to occur the load would 
remain stationary. (Attorney-General 2011) 
Studies show that during transport a load can be subjected to up to 2.1 times the force of 
gravity. (Heavy vehicle stability guide)  
The vertical load each bottle must withstand under these transport conditions is calculated 
by; 
    
          
   
                   
Where; 
    =  Vertical Load per Bottle 
   = Bottle Mass   = 0.625 kg 
   = Bottles per Carton  = 24 
   = Cartons per Level  = 10 
   = Levels on Pallet   = 5 
   = Gravity    = 9.81 m/s2 
 
 
          
Because the loading is occurring during transportation a factor of safety of 1.2 is added to 
the maximum loading worst case scenario. This is due to the dynamic nature of the loading 
and the variables that can occur during the packaging stage. This will result in a maximum 
load of 154.5 N the bottles at the base of the pallet. 
 
 Lid Removal Forces 3.2.1.3
When bottles reach the consumer and are required to be opened, a certain amount of 
torque is required to remove the bottle cap. According to SKS Bottle and Packaging an 
HDPE lid on a PET bottle will require 791 Nmm of torque to remove. A reaction force must 
be applied to the bottle carcass in order to remove the lid. The forces required to remove 
the bottle lid can be seen in Figure 3:3. 
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Figure 3:3 - Required Bottle Cap Removal Forces 
Where; 
    =  Torque Applied  
    = Torque Reaction Required  
    =  Moment Force Required  
    = Normal Force Reaction    
    = Friction Force Reaction   
    = Bottle Lid Radius    
    = Bottle Radius    
As there is friction force component in the reaction Force a coefficient of friction is needed. 
The worst case scenario for friction between the hand and bottle is if the bottle surface is 
wet. A study conducted into the surface friction between human skin on wet plastic shows 
that the worst case tested had a friction coefficient of 0.26. (Derler et al. 2009) 
   
     
    
         
    
  
 
       
The resulting normal force needed to hold the bottle when removing the lid under worst-
case conditions is calculated to be 21.7 N on either side of the bottle. 
 
 Human Factors 3.2.2
To ensure that the majority of people find the bottle practical and comfortable to use, 
people who fit above the 5th percentile of human hand sizes will be catered for when 
considering size and shape of the design. As the 5th percentile sizes vary from males to 
FN 
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females the smaller of the two sizes shall be used as it captures both of the desired size 
ranges. 
 
Figure 3:4 - Average Hand Sizes 
Figure 3:4 is an extract from a study conducted by the United States army to determine the 
size ranges of the human hand in both males and females. The data collected by this study 
shows that 95% of females and over 99% of males have a hand length greater than 165 
mm.  
The measurements taken for the hand length are from the base of the palm to the top of 
the longest finger. The main parts of the hand that will impact its gripping ability are 
between the tip of the longest finger around the palm tip of the thumb, as shown in Figure 
3:5. A miniature study was conducted for the purpose of this project to compare the 
relationship between the two measurements shown in Figure 3:5. The results of this study 
have shown that in all cases the measurement from the tip of the thumb to the tip of the 
longest finger was roughly equal to the length of the hand. In all cases the fingertip to 
thumb was the longest measurement. Considering the results of this study, it was 
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concluded that the hand length was a plausible measurement to use. The hand 
measurement used to design to is 165 mm. 
 
Figure 3:5 - Hand Measurement Correlations 
To ensure all hands can comfortably hold the water bottle the contact points of the hand 
must apply directly opposing forces on either side of the bottle. This means that at a 
minimum the length of the hand must be no less than 51% of the bottle’s circumference. 
The greater the percentage of bottle circumference that the hand encompasses, the 
smaller the pressure that must be exerted on the bottle’s sidewall needs to be. The forces 
required can be seen in Figure 3:6. 
 
Figure 3:6 - Holding Bottle Forces 
 
     = Friction Force required 
     = Bottle Force 
     = Normal Force 
    = Skin coefficient of friction   = 0.26  (Derler et al. 2009) 
    = Bottle mass     = 0.625 kg 
    = Gravity     = 9.81 m/s2 
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The force that is required to hold the bottle is equal to     = 23.6 N = 2.4 kg. Although the 
required normal force does not change, the area that it is spread over determines the 
pressure required. The bottle to remain in equilibrium when held, the sum of all forces 
must be equal to zero. To achieve the amount of friction force required the normal force 
must be split into two equal parts that act towards the centre of the bottle in opposite 
directions. For every degree past 180° the effective surface area increases exponentially. 
This can be seen in Figure 3:7.  
 
Figure 3:7 - Opposing Normal Forces 
For this reason it is decided that the 5th percentile female hand must be able to grasp at 
least 260° of the bottle’s circumference. This means the maximum circumference allowable 
is 228 mm which equates to a diameter of 72.7 mm. 
 External Factors 3.2.3
To make sure that the bottle is as practical as possible it must be a shape and size that is 
able to interact well with external factors such as cup and bottle holders. Cup and bottle 
holders are often found in cars, on pushbikes and on exercise equipment and in the case of 
the latter are specifically made for containing water bottles. To guarantee that the bottle 
will fit into the vast majority of cup and bottle holders the bottle’s diameter must be 
smaller than that of the holder. The diameters of thirteen different bottle holders were 
 38 
measured to determine the minimum practical diameter the bottle could be whilst still 
fitting in all bottle holders. The results of this can be seen in Table 3:1. 
Table 3:1 - Bottle Holder Sizes 
Type of Holder Specimen 1 
Diameter 
Specimen 2 
Diameter 
Specimen 3 
Diameter 
Car 80 mm 75 mm 74 mm 
Bike 77 mm 86 mm  82 mm 
Treadmill 80 mm 80 mm N/A 
Exercise Bike  80 mm  77 mm   80 mm 
Cross Trainer  80 mm  80 mm N/A 
 
For the bottle to be able to fit practically in all different types of bottle holders it must have 
an outside diameter of no more than 73 mm.  
To be compliant with both the human and external factor’s needs in terms of size the 
maximum bottle diameter has been set at 72 mm. 
 
 Material Selection 3.2.4
All aspects of the purpose must be considered when selecting a material for a specific 
application. It is important to analyse and investigate all general factors involved in the 
selection of a material. The two reasons that materials are selected are for either a new 
design or a pre-existing design. This project is in a unique situation where it is a new design 
but the purpose of the design is pre-existing. Almost all of the bottles on the market in the 
600 ml range are made from polyethylene terephthalate (PET) with the exception of a few 
that are manufactured from glass. These exceptions however, are considered to be 
targeting a higher, more expensive market. The main reasons that the majority of 
disposable bottles are constructed of PET are because it has the required material 
properties, is readily available and is relatively cheap.  
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The material properties required for a disposable water bottle are as follows: 
 Tensile Strength: This enables the material to resist the application of a tensile 
force. To withstand the tensile force, the internal structure of the material provides 
the internal resistance. 
 Hardness: The degree of resistance to indentation or scratching, abrasion and 
wear. Alloying techniques and heat treatment help to achieve this. 
 Ductility: The property of a metal by virtue of which it can be drawn into wires or 
elongated before rupture takes place. This is dependent upon the grain size of the 
crystals. 
 Impact Strength: The energy required per unit cross-sectional area to fracture a 
specimen. Also known as how brittle a material is, this is a measure of the response 
of a material to shock loading. 
 Wear Resistance: The ability of a material to resist friction wear under particular 
conditions. (To maintain its physical dimensions when in sliding or rolling contact 
with a second member.) 
 Corrosion Resistance: The materials ability to withstand the corrosive action of a 
medium. (Materials in which corrosion processes occur in them at a relatively low 
rate are termed corrosion-resistant.) 
 Density: This is an important factor of a material where the weight of the object is 
critical.  
The main materials that have been classified as appropriate and are currently used in 
industry are PET, HDPE, PC and glass. These materials have been included in the selection 
process because of their evident potential water bottle attributes. Another material that 
has the potential to be used to manufacture water bottles is aluminium however it has 
been eliminated as a possibility due to its public perception as a carbonated beverage 
container. 
The mechanical properties, cost, availability and recyclability of each material has been 
assessed and compared in a weighted selection matrix to determine the most appropriate 
material to use in the manufacturing of disposable water bottles. 
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 PET (Polyethylene Terephthalate) 3.2.4.1
Table 3:2 - PET Mechanical Properties 
Physical Properties at 23˚C Value Units Test Method 
Density (ρ) 145 Kg/m3 ISO 1183 
Young’s Modulus (E) 5.6 GPa ISO 178 
Tensile Strength (Su) 50 - 80 MPa ISO 178 
Elongation (δ) 38 % ISO 527-2 
Rockwell Hardness R117 - ASTM D785 
3.2.4.1.1 Cost 
The price of PET ranges in between $1300 - $1800 per metric ton.  From the research 
conducted it was determined that the average 600ml PET bottle weight is 22 g, making the 
cost of using PET to between 2.8c and 4c per bottle. 
3.2.4.1.2 Availability 
PET is a readily available product that is generally purchased in bulk quantities. The main 
manufacturing process of PET is stretch blow moulding which can produce a maximum of 
2700 bottles per hour per single bottle mould. This means that PET is not only readily 
available as a raw material but has the potential to produce bottles an acceptable rate, 
allowing for contingencies in manufacturing machine downtime. 
3.2.4.1.3 Recyclability 
As discussed in section 2.3.2, PET is a recyclable material. It does however lose some 
strength as a result of being reused and when recycled can form a yellow tinge in the final 
material appearance. 
 HDPE (High Density Polyethylene) 3.2.4.2
Table 3:3 - HDPE Mechanical Properties 
Physical Properties at 23˚C Value Units Test Method 
Density (ρ) 946 Kg/m3 ASTM D1505 
Young’s Modulus (E) 0.724 GPa ASTM D638 
Tensile Strength (Su) 24.5 MPa ASTM D638 
Elongation (δ) 13 % ASTM D638 
Rockwell Hardness R60 - ASTM D2240 
3.2.4.2.1 Cost 
HDPE is a cheap plastic, ranging in between $1000 to $1300 per metric ton. As the ultimate 
strength of HDPE is approximately half that of PET it is assumed that the amount of 
material needed per bottle will roughly double. Using a 600ml bottle weight of 44 g will 
result in each bottle costing in between 4.5c and 5.8c. 
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3.2.4.2.2 Availability 
HDPE is a commonly used material that in its raw form is easily obtained. Like PET, HDPE is 
also generally purchased in bulk quantities but due to the amount needed to produce a 
bottle will require roughly double the storage space of PET. HDPE bottle manufacturing 
also uses a blow moulding process they can produce a maximum of 1875 bottles per mould 
per hour.   This means that HDPE bottles can be manufactured at an acceptable production 
rate to service the filling process. 
3.2.4.2.3 Recyclability 
Much like PET recycled HDPE has strength reductions some of its mechanical properties. As 
the appearance of HDPE is already opaque, when recycled HDPE does not experience the 
same yellow tinge as recycled PET. 
 Glass 3.2.4.3
Table 3:4 - Glass Mechanical Properties 
Physical Properties at 23˚C Value Units 
Density (ρ) 2520 Kg/m3 
Young’s Modulus (E) 7.2 GPa 
Tensile Strength (Su) 70 MPa 
Elongation (δ) 6.3 % 
Rockwell Hardness R60 - 
3.2.4.3.1 Cost 
Raw materials used to manufacture glass bottles range in between $184 to $190 per metric 
ton. This is roughly 1/8 the price of PET raw material however a glass bottle requires 
around 10 times the amount of material to manufacture. This results in a 250 g bottle 
costing between 4.6c and 4.75c.  
3.2.4.3.2 Availability 
Glass is generally are readily available material however, due to the large quantities needed 
to produce each bottle large amounts of storage space needed for the raw material if the 
manufacturing were to occur on site. As the manufacturing of glass bottles is a more 
intricate process than that of its plastic counterparts, the manufacturing of glass bottles 
would generally be outsourced. This creates potential issues in availability with the bottle 
filling line relying on not only the production but delivery of the bottles. This can be 
managed by storing a large amount of empty bottles on site but is not the most cost-
effective way to manufacture bottle water. 
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3.2.4.3.3 Recyclability 
Of all the materials examined glass is by far the most recyclable. With a devitrification half-
life of 100 million years the degradation of mechanical properties is negligible with each 
recycling process endured.  
 Polycarbonate (PC) 3.2.4.4
Table 3:5 - PC Mechanical Properties 
Physical Properties at 23˚C Value Units Test Method 
Density (ρ) 1220 Kg/m3 ASTM D1505 
Young’s Modulus (E) 2.2 GPa ASTM D638 
Tensile Strength (Su) 55 - 75 MPa ASTM D638 
Elongation (δ) 35 % ASTM D638 
Rockwell Hardness M70 - ASTM D2240 
3.2.4.4.1 Cost 
Polycarbonate is the most expensive of the plastics costing in between $1900 and $2400 
per metric ton. Due to its good ultimate strength and elongation percentage polycarbonate 
bottles are estimated to need approximately the same amount of material per bottle is 
PET. Because of the high cost of PC each bottle will cost approximately 4.75c to 6c for raw 
materials. 
3.2.4.4.2 Availability 
Like the other plastics assessed polycarbonate is generally readily available and is generally 
purchased in bulk quantities. Like the other plastics assessed PC bottles can be 
manufactured by using a blow moulding process. The use of this process will allow PC 
bottle manufacturing to maintain practical output production rates and keep pace with 
bottle filling. 
3.2.4.4.3 Recyclability 
Like its plastic counterparts, PC is a recyclable material that will experience a reduction in 
some of its mechanical properties as it is recycled. As discussed in section 2.3.2 PC is 
currently used for water cooler bottles and is washed and refilled up to 120 times before it 
is disposed of. Reusing personal water bottles is technically a possibility however it would 
not be financially viable as a separate washing and refilling line would most likely be 
required. Logistically having the used bottle is returned by the consumer would in most 
cases require some kind of incentive, again increasing the cost and reducing the viability of 
the concept.  
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 Materials Selection Matrix 3.2.4.5
Table 3:6 - Materials Selection Matrix 
 Cost Availability Strength Recyclability Quality Total 
Ranking /30 /20 /15 /15 /20 /100 
PET 30 20 15 10 14 89 
HDPE 20 17 8 12 10 67 
Glass 22 12 10 15 20 79 
PC 19 19 15 10 15 78 
 
The results in Table 3:6 show that PET is the most viable choice of material for the 
manufacturing of 600 mL PET bottles. Glass is not the most financially viable option, 
however if a 100% recyclable option is required or a high-end market is being targeted, 
glass is the best potential material to use. 
3.3 Manufacturing 
This section will investigate the manufacturing processes available to mass-produce PET 
water bottles to an acceptable standard in a cost-effective way. It will also research the 
required tooling for this process and either design the tooling or recommend an action 
plan. 
 Manufacturing Process 3.3.1
The manufacturing process family that has been developed for the mass production of 
containers manufactured from the material polyethylene terephthalate is known as blow 
moulding. Originally the concept of the blow moulding technique was invented for the 
production of glass containers and has been used for thousands of years.(Groot et al. 2011) 
There are three main types of blow moulding techniques in the manufacturing of polymer 
containers such as PET. Injection blow moulding, extrusion blow moulding and stretch blow 
moulding. The first step each process involves melting the raw material pellets into what is 
known as a pre-form or parison (Figure 3:8). This step is possible due to the material’s 
thermoplastic nature. At this stage the bottle’s wall thickness is determined by the size and 
weight of the pre-form created. 
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Figure 3:8 - Blow Moulding Pre-form 
Injection blow moulding creates the pre-form by using a combination of injection moulding 
and blow moulding. The pre-form is then inserted into the bottle shaped mould where it is 
heated and injected with a blast of air, inflating the heated pre-form to the old walls of the 
mould calling the material and setting the shape. This process works best for small or 
shallow containers. If the shape being moulded is too intricate or too long the air pressure 
can struggle to blow the material to the mould walls before it cools, reducing the 
consistency of the output and leaving some containers disfigured. 
Much like injection blow moulding extrusion blow moulding uses a blast of air to blow the 
pre-form like a balloon until the surfaces of the mould cool the material making it set. 
Extrusion blow moulding is unique in the way that preform is transferred straight from its 
tubular mould to the die of its final shape. This process is due to the continual extrusion of 
hot material producing pre-forms at the same rate as the blowing process. Due to only 
having a stretching the heated material extrusion blow moulding is the same limitations as 
injection blow moulding. 
Stretch blow moulding is the process most commonly used for the production of PET water 
bottles. The process was developed in the early 1970s for detergent bottles and is now 
primarily used for the production of carbonated beverage bottles. The main difference in 
stretch blow moulding is the use of a metal rod in the final blowing stage of the process. 
Because of the metal rod stretch blow moulding is able to extend the pre-form in both the 
hoop and axial directions at the ideal rate. This biaxial stretching of the material yields 
stronger tensile strength impact strength and clarity in the finished product. (Type of PET 
Blow Moulding) Figure 3:9 shows the complete stretch blow moulding machine layout. 
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Figure 3:9 - Stretch Blow Moulding Machine Layout 
The capital outlay for a stretch blow moulding machine is more than that of injection or 
extrusion blow moulding. The consistency in the final product and extra strength 
capabilities still make it the most viable choice of manufacturing process for a disposable 
PET water bottle. 
 Tooling 3.3.2
The tooling required for stretch blow moulding includes a mould for the formation of the 
bottle pre-forms and a second mould to produce the final bottle shape. Preforms are used 
for the manufacturing of many different shapes and sized bottles and as such the pre-form 
moulds are readily available predesigned item. As previously mentioned, the size of the 
pre-form dictates the wall thickness of the bottle with the amount of material that is used 
to make it. The selected bottle shall be made from 22 g pre-forms and will need a pre-form 
mould to produce them (Figure 3:10). 
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Figure 3:10 - Pre-form Mould 
The final shape will come from the bottle mould used in the second stage of the 
manufacturing process. A two piece mould that joins at the bottles line of symmetry will 
form the walls that the pre-form is stretch blown into. An example of a two piece bottle 
mould can be seen in figure 3:32. 
 
Figure 3:11 - Two Piece Bottle Mould 
The manufacturing of these moulds is done by CNC machines that read off the same .STL 
file that is used for the 3-D printing of the bottle prototype. For this reason no separate 
mould design is required to be designed and drawn. 
 
3.4 Research 
Surveys can sometimes be known as an easy research approach, however when completed 
correctly they can provide accurate data simply and effectively. Conducted within a 
predetermined population surveys generally have a target demographic to work within. 
Whilst the data collected by the survey is correct and accurate at the time it is composed it 
is not timeless. The opinions of a certain demographic have been known to change over 
time with certain trends and opinions fading in popularity through generations. A good 
example of this is clothing fashion, where flared trousers were once a popular choice 
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among teens, but today’s teens would likely prefer to walk around in their underwear as 
opposed to be seen in a pair of flared pants.  
The main purpose of the survey is to estimate specific parameters for a large population 
without the need to ask each individual. No definitive sample size has been determined to 
guarantee the most accurate results. However, the larger the survey pool and the more 
rigorous the selection of survey participants within the chosen demographic the more 
accurate the results will be. Survey based research has been found to yield the best results 
when used to ask questions that have simple yes or no answers for questions of the 
research subjects opinions. If the questions being asked for the survey are too complicated 
the results can be undesirable and somewhat ineffective. (Kelley et al. 2003) 
It is important to approach any surveys or research based questioning of subjects in an 
ethical manner. The University of Southern Queensland has a set of ethics guidelines and 
research based questioning application form to address any ethical issues that may be 
associated with the research to be completed. This project has taken note of the guidelines 
and completed the application form to ensure that the questioning done for this project 
complies with the ethical standards needed. 
 
The purpose of this survey is to investigate the opinions of the target demographic of 18 to 
30-year-old males. Further to this demographic 18 to 30-year-old females shall be asked 
the same questions to ascertain their preferences and validate the data correlated in the 
literature review. To ensure the results of the survey are as accurate as possible but still 
plausible to conduct within the timeframe required using the resources available, 20 male 
subjects between the ages of 18 to 30 and 20 female subjects between the ages of 18 to 30 
will make up the survey pool of participants. The mean age of the male participants is 22.55 
years with a standard deviation of 3.598 and the age of the female participants is 23.2 
years with a standard deviation of 3.726. Figure 3:12 and Figure 3:13 show the normal 
distribution curve of percentage of participants against participant’s age for males and 
females respectively. 
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Figure 3:12 - Male Participants Normal Distribution Curve (percentage of people vs. age) 
 
Figure 3:13 - Female Participants Normal Distribution Curve (percentage of people vs. age) 
This initial survey will aim to determine the target demographics’ preferences of a 
disposable water bottle’s;  
 orifice size 
 lid type 
 bottle shape 
 physical size and water carrying capacity 
In addition to this word association with the colours researched in the literature review 
shall be sought to be validated through survey. This is to clarify that the word/colour 
associations found in the research conducted by Aslam are relevant and applicable to this 
project’s target demographic. 
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All survey research shall be conducted in a face-to-face manner with each volunteer being 
individually asked their questions in an isolated environment. For the purpose of simplicity 
and accuracy of results, where possible the questions shall be asked in a way where all that 
is required from the survey participants is a simple yes/no response.  
The surveys were conducted face-to-face with each individual participant in the 3 m x 4 m 
brick room that contained only a computer desk and two chairs. The room was set in an 
identical fashion for each participant and the lighting and temperature were kept as 
uniform as possible. 
 Bottle Opening 3.4.1.1
3.4.1.1.1 Survey Methodology 
To ascertain the survey participant’s preferences on bottle opening size each subject was 
given four bottles of water to sample, one at a time.  The bottles used were as close as 
practicably possible in shape and size with the exception of the bottle’s opening. All 
branding from the bottles had been removed in an attempt to not sway the subjects 
answer due to their opinion of the brand, shape and size of bottle used. As the bottles were 
all different in overall shape, size and colour, four bottles were used in an attempt to nullify 
the potential effects of the different bottles. The bottles were labelled A, B, C, D for 
identification purposes and a control line was marked on each bottle to guarantee they 
were filled to the same level for each participant. Bottles A and D possessed openings with 
an inside diameter of 22 mm whilst bottles B and C’s openings had an inside diameter of 25 
mm. 
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Figure 3:14 - Bottles Used for Bottle Opening Survey 
 
The bottles were all filled with tap water that was chilled to a uniform 10°C. The survey 
participants were made aware that the bottles were being washed and reused for each 
participant. They were given the option to not participate if they were uncomfortable the 
way in which the survey was conducted and verbal consent was obtained from each 
participant before commencing the survey. For each participant the bottles were presented 
individually in the order A, B, C, D. The subject was asked to drink from the bottle and 
return it to the table upon which time the survey conductor would replace that bottle with 
the next bottle in the predetermined order. Upon completion of the fourth bottle the 
subject was asked which bottle opening they preferred to drink from.  
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3.4.1.1.2 Survey Results 
 
Figure 3:15- Preferred Bottle Opening Survey Results 
 
Figure 3:16 - Preferred Bottle opening Survey Results Bar Graph 
3.4.1.1.3 Discussion 
The results show that the majority of both the male and female survey participants 
preferred the 25 mm ID bottle opening. 25 mm bottle openings were the favourite for 65% 
of the male survey participants and 55% of the female survey participants. It is thought that 
the extra favouritism shown to the 25 mm ID openings by the male participants is due to 
the larger size of male compared to female mouths. The average size of a male mouth 
opening from top to bottom is between 50 - 60 mm, whilst the average size of a female 
mouth opening from top to bottom is between 45 - 55 mm. (Heavy vehicle stability guide) 
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Both test bottles B and C had an ID of 25 mm, however test bottle C received twice as many 
votes as test bottle B. This is assumed to be due to the different gradients of the bottle 
necks. Bottle B possesses a neck with a much smaller radius of curvature which results in 
more turbulent exit conditions. This aspect of the bottle shape shall be considered in the 
design stage to ensure that the fluid flow exit conditions are as laminar as possible. 
3.4.1.1.4 Conclusion & Recommendation 
Considering the results of this survey question the bottle opening size that will be included 
in the conceptual designs of disposable water bottles for this project will have an inside 
diameter of 25 mm. 
 Lid Type 3.4.1.2
3.4.1.2.1 Survey Methodology 
To find the participant’s opinion on the type of lid on a disposable water bottle that they 
prefer to drink from a test was set up in which the participants could sample each type of 
lid. The three types of lid are a pop top, sports cap and open lid as shown in Figure 3:17. 
 
Figure 3:17 - Pop Top, Sports Cap, Open Lid Bottles Used for Surveys 
The survey participants were given one bottle at a time and the order in which each 
participant received the different types of bottle changed for each participant. All three lids 
were examined using the same bottle carcass to ensure the results were affected by 
minimal external influences and were as accurate as possible. The bottles were all filled 
with tap water that was chilled to a uniform 10°C and possess a control line on the neck of 
the bottle to ensure that the bottle was filled to the same point for each participant. Each 
participant was again made aware that the bottles were being washed and reused and 
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were given the option not to partake in the survey. Once the participants had sampled each 
of the different types of lid they were asked to share their preference of lid to drink from.  
3.4.1.2.2 Results 
 
Figure 3:18 - Preferred Lid Type Survey Results 
 
Figure 3:19 - Preferred Lid Type Survey Results Bar Graph 
3.4.1.2.3 Discussion 
The results of this survey question show that the males had a slight preference to drinking 
from the open bottle. With 45% of the male participants preferring open lid's as opposed to 
35% opting for the pop top the preference for the open lid shown by the male survey 
participants was only slightly ahead of the overall male opinion on the pop top variety of 
lid.  Having spoken to some of the male members of the surveyed group a common 
consensus was that drinking from the open lid would provide higher flow rates and a more 
smooth delivery of the water into the consumer's mouth. Another reason given for the 
preference by males to the open lid option was that the consumer did not have to squeeze 
the bottle's sides or vigorously suck on the bottle's opening in order to extract the water.  
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50% of the female participants said that they prefer the pop top variety of lid. When asked 
about their preference the common response pointed to convenience and individual 
serving size of each sip to be the main reasons for this result. 
Due to the closeness of these results and the size of the survey group the only conclusive 
results that can be drawn from the survey is that pop tops and open lids are preferred over 
the sport lid variety amongst the male survey participants, and that the pop top lid type is 
preferred by the female survey population. 
3.4.1.2.4 Conclusion & Recommendation 
As it is inconclusive of which lid type is definitely preferred by the target demographic, and 
given that either lid will fit on the bottle opening that has been selected it is recommended 
that the final design be available to the market with both a screw top and pop top lid 
option. For ease of modelling the screw top variety shall be represented on all conceptual 
designs of this project. 
 Bottle Shape 3.4.1.3
3.4.1.3.1 Survey Methodology 
To ascertain the preferred bottle's shape of the target demographic the survey participants 
were asked two questions. The first question that was posed to them was "do you prefer a 
round cylindrically shaped disposable water bottle over a square disposable water bottle?",  
for which they could answer yes, no or unsure. The second question was "do you prefer a 
practical shape over a purely aesthetic one when buying bottled water?" and again the 
participants could answer with either yes, no, or unsure. 
To ensure the questions were asked consistently as possible for each survey participant all 
items were removed from site of the participant, and eye contact was not made by the 
survey conductor to the participant during the question being asked or the answer being 
given. Each question was asked individually and no other sounds were made by the survey 
conductor until after the question was answered. 
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3.4.1.3.2 Results 
 
Figure 3:20 - Preferred Bottle Shape Results (Square or Round) 
 
Figure 3:21 - Preferred Bottle Shape Results Bar Graph (Square or Round) 
 
Figure 3:22 - Preferred Bottle Shape Results (Practical or Aesthetically Pleasing) 
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Figure 3:23 - Preferred Bottle Shape Results Bar Graph (Practical or Aesthetically Pleasing) 
3.4.1.3.3 Discussion 
It is clear from the results that the male participants preferred a round cylindrically shaped 
bottle over a square or rectangular shaped one, with 65% of the male participants 
suggesting that they liked the round shape. The female participants however, as a whole 
had no favouritism for either shape with each shape receiving 45% of the votes in the final 
10% of female participants unsure of their preference. 
The preference of practical shape over a purely aesthetic one was somewhat more 
conclusive with a total of 52.5% of people surveyed indicating the practicality was more 
important to them than the look of the bottle. 32.5% of all survey participants stated that 
the bottle aesthetics were the important factor, with 15% undecided. The male survey 
participants were somewhat more definite in their general consensus, with double the 
amount of participants preferring the practical shape. 
3.4.1.3.4 Conclusion & Recommendation 
Deciphering how to accurately ascertain the explicit opinions of the specific target 
demographic proved to be a relatively arduous task and has resulted in the two relatively 
specific questions being asked. Whilst the results of this survey give a reasonable idea of 
the desired opinions it is not a black and white representation of what is right and wrong 
when considering shape in the design stage. 
From the information gathered it is not fully defined as to what bottle shape will yield the 
best results. Whilst there is a preference towards a cylindrical shape it has been decided 
that no shape shall be ruled out of the design stage. In the next round of surveys which will 
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see participants select their preferred bottle design shall provide a more conclusive 
outcome on which shape is preferred. 
 Bottle Size 3.4.1.4
3.4.1.4.1 Survey Methodology 
To understand what bottle size would be the most beneficial to use for this project a 
question was posed to the survey contestants asking them what capacity the last 
disposable water bottle that they purchased was. The question was verbally asked by the 
survey conductor to the participant, 'what size of disposable water bottle did you last buy? 
600 mL, 750 mL, 1 L, or Other?" To ensure consistency between each participant no eye 
contact was made between the survey conductor and the participant during the asking and 
answering of the question, and all disposable water bottles had been moved out of sight of 
the survey participant. 
3.4.1.4.2 Results 
 
Figure 3:24 – Results of Water Bottle Size Purchased Most Recently 
 
Figure 3:25 - Water Bottle Size Purchased Most Recently Bar Graph Results 
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3.4.1.4.3 Discussion 
The results of the survey question were dominant towards the 600 mL option for both the 
male and female participants, with 67.5% of all participants having most recently 
purchased this size of disposable water bottle. This somewhat contradicts the statistics 
previously viewed regarding the sale of different bottled water sizes in Australia, with the 
literature alluding to 42% of the market share in Australia being 600 mL bottles. The results 
of this question is deemed to have a high accuracy percentage as the question asked is a 
definite answer and is not a matter of opinion. This question does not factor in the reason 
for the survey participant purchasing that particular size water bottle. Speaking with the 
survey participants in an unofficial capacity after the conclusion of the survey showed that 
a common reason for deciding upon the size of water bottle to purchase came down to 
value for money and whether there was a sale or promotion linked with a specific bottle of 
water. 
3.4.1.4.4 Conclusion & Recommendation 
Using both the survey results and the statistics shown in the literature review the decision 
has been made to design a bottle that competes in the 600 mL range. A stipulation to the 
selection is that the design is created in a manner in which the general shape and 
aesthetics are versatile enough to be used in different bottle sizes in the future should the 
industry sponsor see fit to do so. 
 Colour word association 3.4.1.5
3.4.1.5.1 Survey Methodology 
Survey research into colour word associations has been conducted to validate the research 
conducted by Aslam. In this survey a tablet was shown to participants displaying each 
specific colour. The participants were then told a series of words and asked if they 
associated that word with the colour shown on the board. This was completed for all 9 
colours tested. The participants could only answer “yes” or “no” when asked about the 
word association. Participants were asked to reply immediately after the word was said by 
the survey conductor.   
Participants were not made aware that the research collected was to be specifically used 
for deciding the colours to use for a disposable water bottle and its branding. This was 
done to ensure that the word and colour associations were answered with the least 
amount of external factors influencing the participant’s opinion. 
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3.4.1.5.2 Results 
Table 3:7 - Colour Word Association Percentages 
Colour Word Male 
Association 
Female 
Association 
Total 
Association 
Blue Masculine 100% 85% 92.5% 
Drink 80% 85% 82.5% 
Authority 80% 35% 57.5% 
Thirsty 80% 70% 75% 
White Purity 95% 100% 97.5% 
Happiness 75% 85% 80% 
Relaxing 80% 85% 82.5% 
Pleasant 75% 90% 82.5% 
Green Envy 90% 100% 95% 
Environmentally Friendly 100% 95% 97.5% 
Yellow Happiness 65% 70% 67.5% 
Silver Elegant 85% 75% 80% 
Success 70% 75% 72.5% 
Extravagance 75% 55% 65% 
Red Love 75% 75% 75% 
Lust 90% 75% 82.5% 
Anger 80% 85% 82.5% 
Purple High Quality 75% 60% 67.5% 
Authority 75% 55% 65% 
Power 85% 55% 70% 
Expensive 95% 90% 92.5% 
Extravagance 65% 80% 72.5% 
Black Fear 60% 85% 72.5% 
Expensive 80% 75% 77.5% 
Exclusive 85% 95% 90% 
Grief 85% 90% 87.5% 
Gold Elegant 90% 95% 92.5% 
Expensive 100% 100% 100% 
Exclusive 85% 80% 82.5% 
Elite 90% 100% 95% 
Success 100% 100% 100% 
Wealth 85% 80% 82.5% 
Extravagance 90% 80% 85% 
3.4.1.5.3 Discussion 
The results of this survey show that some colours associate more strongly with certain 
words amongst the different sexes. In most cases the colour and word associations 
reported by Aslam and Shi proved to be accurate. As the product shall be marketed to the 
males of the survey group, the colours that associate favourably with the words that 
represent the desired branding position shall be used in the bottle, lid and label. 
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Table 3:7 shows only the colour to word associations that received a positive response 
above 75% in either of the sexes surveyed (for full results please see appendix F).  
3.4.1.5.4 Conclusion & Recommendation 
The colours that have been selected to be used in the bottle and label designs are: 
 Blue – The western association with water and the colour blue make this a logical 
choice of colour for the application. Thirst quenching is a fundamental purpose of 
bottled water, making blue again a logical colour to have as shown in the testing 
done by Gueguen. As the target demographic is 18 – 30 year old males, the high 
quality and masculine perceptions have also factored into the selection of the 
colour blue. 
 Black – The associations with high expense and exclusivity will suit the desired 
perceptions for the target demographic. 
 Purple – Authority and power are a common desire among males between the 
ages of 18 – 30, their associations with the colour purple make it a reasonable 
choice to include in the branding of the bottle. (Datcher-Loury 1986) 
 Gold – The relationships between the colour gold and elite-ness, success and 
wealth should again make it a favourable colour amongst the chosen 
demographic.  
 Silver - To further enforce the colour relationships with success and extravagance 
the colour silver shall be used in the creation of the label. 
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3.5 Conceptual Design 
 
This section contains the conceptual designs completed for consideration to be selected as 
the final design. Each design has been drawn using the computer aided design program, 
Solid Works 2012. This program has been used because of its precise ability to 
mathematically model complex shapes accurately. As the conceptual designs would be 
judged by the survey participants used for the research section of this project, and it was 
not financially viable to produce physical prototypes of each model, the Solid Works 
feature ‘Photo View 360’ was employed to present the 3-D CAD models in their most 
realistic rendering. 
All the conceptual designs created were done so using the knowledge gained from both the 
literature review and research sections of this report. As such all the conceptual designs 
have been created by using a 25 mm ID screw top lid, a 600 mL carcass size and a cylindrical 
shape. 
As a decision has been made to make all bottle designs a cylindrical shape Matlab was used 
to plot a graph of bottle height against the bottle radius needed to maintain a cavity large 
enough to store 600 mL of water.   
The following equation was used to calculate the values of this plot; 
 
   
 
 
     
 
 H = Overall bottle height 
 V = Volume required 
 A = Cross-sectional bottle area 
 N = Bottle opening height 
 S = Neck slope allocation 
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Figure 3:26 - Optimum bottle height Vs bottle radius 
 
As the plot shows a 30 mm bottle radius will require a bottle height of 255 mm, for this 
reason the radius for all bottles have been given a lower limit of 30 mm. The minimum 
diameter for bottle holsters in cars, bikes and exercise equipment is 72.5 mm, to preserve 
the functionality and practicality of the bottle the upper limit for the bottle radius has been 
set at 36 mm. 
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 Lid Selection 3.5.1
As bottle lids are readily available, cheap and reliable it is not financially viable to design 
and manufacture a new lid unless a revolutionary idea for a new type of lid design is 
obtained. The design of a disposable bottle lid is outside the scope of this project. The 
design for each bottle will however require a lid to be selected for the purpose of correctly 
drawing the bottle thread and opening.  
The lid chosen to be used across all designs is the Bericap Hexacap shown in Figure 3:27. 
The Hexacap has been specifically designed to seal bottles containing still (un-carbonated) 
beverages and can be used for both PET and glass bottles.  
 
Figure 3:27 - Bericap Hexacap Bottle Lid 
The Hexacap bottle lid is available in a range of colours including blue, black, silver and 
purple which have been identified and selected as colours to use in the bottle design in 
section 3.3.1.5.4. The lid is manufactured from HDPE and uses a three start thread, 
requiring only a 180° turn to completely remove the lid.  
Bericap is an international company that has a strong presence and good industry 
reputation in Australia. They are known for being a reliable company and providing a good 
value for money product. (Gill 2013) For these reasons the Bericap Hexacap has been 
selected as the lid of choice on all bottle designs.  
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 Conceptual Design One 3.5.2
Conceptual design one was designed with practicality in mind. A practical shape that needs 
minimum space to hold maximum water volume has been used to form the basis of this 
bottle. The material selected for this bottle is PET, and as such it is imperative that the 
design does not contain the undesirable characteristics of this material discussed in section 
2.3.1.3 of this project. 
The horizontal grooves that cover the bottle from top to bottom have been used to induce 
horizontal structural rigidity. Including the grooves in the bottle’s wall creates more surface 
area and because of their orientation allows for more stress to be applied horizontally to 
the bottle in an attempt to overcome the water spilling out as pressure is applied when the 
bottle is opened. Having extra strength horizontally does come at the cost of some vertical 
strength. This is caused by the stress being redirected through the notches, causing a 
moment effect with the bottle’s sidewall.  
The base of the bottle has grooves starting at the centre of the base and extruding to the 
bottle’s sidewall. This is again an attempt to strengthen the bottle in the horizontal 
direction by adding material to resist any horizontal force. 
The maximum outside diameter of this bottle is 70 mm, the overall height is 196 mm and 
the dry weight without lid is 22 g.  
Table 3:8 - PMI Table Conceptual Design 1 
Plus Minus Interesting 
Stronger structure in the 
horizontal axis due to 
grooves 
Weaker structure in the 
vertical axis due to grooves 
Curved groove on the bottle 
neck 
Straight cylindrical shape 
requiring minimal area to 
carry the required 600 mL 
water volume 
The amount of grooves can 
cause the bottle to get stuck 
in bottle holsters  
Transparent blue material 
Due to the constant bottle 
diameter of 70 mm, 
combined with the 624 g 
weight of the full bottle, the 
shape fits within the 
comfortable holding region 
of the 95th percentile 
Because of the bottle design 
and lack of strength in the 
vertical axis the amount of 
material required to 
produce this bottle is 22 g. 
This places the bottle with 
some of the more material 
hungry designs 
 
 The generic design may not 
stand out amongst other 
bottles 
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Figure 3:28 - Conceptual Design 1 
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 Conceptual Design Two 3.5.3
This concept was designed to target the consumer wanting to purchase a more elegant 
looking water bottle. Its smooth lines and lack of curves aim to promote the bottle as a 
premium product. The main difference between this bottle and the other conceptual 
designs is the material that has been selected for its manufacture. Whilst the market is 
predominantly made up of bottles manufactured with PET, this design uses glass as the 
bottle carcass material to provide a more solid feel and again promote it as a premium 
product.  
Due to the versatility of glass in the manufacturing stage the grooves that have been 
incorporated are a sea shape as opposed to the conventional semicircle. This was done to 
provide a point of difference against other bottled waters and again attempt to give a 
premium look and feel to the bottle. The 25 mm ID bottle opening with tri-start thread has 
been retained for this design as the HDPE lids sourced have been deemed to be 
appropriate for the premium look and feel of this bottle design. 
The maximum outside diameter of this bottle is 72 mm, the overall height is 225 mm and 
the dry weight without lid is 240 g.  
Table 3:9 - PMI Table Conceptual Design 2 
Plus Minus Interesting 
Glass gives the bottle a 
higher quality look and feel 
and allows for more precise 
and consistent edges in the 
manufacturing process 
The sleek, tall design of this 
bottle may result in the 
bottle not fitting 
comfortably in some storage 
applications. Its high centre 
of gravity makes it more 
susceptible to tipping 
The bottle has been 
designed using glass as the 
selected material, giving it a 
point of difference from 
conventional disposable 
water bottles 
Three start thread requiring 
only a 180˚ twist to remove 
The bottle is very heavy in 
comparison to its PET rivals, 
weighing in at approximately 
10 times the weight of its 
PET counterparts 
 
The glass material used to 
manufacture this bottle is 
100% recyclable and 
reusable 
Glass is vulnerable to 
shattering if it is dropped. 
 
The tapered base of the 
design allows the bottle to 
fit into more types of cup 
and bottle holders 
The material selected for 
this design is more 
expensive than its PET rivals 
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Figure 3:29 - Conceptual Design 12 
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 Conceptual Design Three 3.5.4
This concert was designed with the intention of including favourable aesthetics as a main 
function. The unsymmetrical shape of the bottle was included in an attempt to induce a 
point of difference amongst the other available bottles on the market. The secondary 
function of the grooves and waves in the bottle wall is to provide structural strength both 
vertically and horizontally to deliver a high quality feel in the final product. PET is the 
material selected for the manufacturing of this design. Whilst class is considered a superior 
material to portray high quality PET has been selected for its cost effectiveness and ease of 
manufacturing. Due to the manufacturing constraints of this material no square edges or 
sharp points have been used and rounded shapes have been intentionally incorporated 
into the design. 
The main feature of this bottle is its sweeping lines and horizontal grooves which include an 
amorphous surface finish which will give a frosted look to the bottle highlights.  The base 
includes seven rounded grooves that wrap from the centre of the bottle to the bottom of 
the amorphous surface. These grooves have been included to provide the bottle’s base 
with horizontal strength whilst adding to the aesthetic effects and overall look of the 
bottle. The maximum outside diameter of this bottle is 70 mm, the overall height is 218 
mm and the dry weight without lid is 22 g.  
Table 3:10 - PMI Table Conceptual Design 3 
Plus Minus Interesting 
The  course frosted surface 
finish included in the bottles 
grooves and curl feature add 
strength to the bottle 
structure due to its 
amorphous nature 
Complicated design 
 Could result in 
financial implications 
 Increased complexity 
in manufacturing 
The bottle is only 
symmetrical about one 
vertical plane offering a point 
of difference to the majority 
of other water bottles 
Relatively straight cylindrical 
shape requiring minimal area 
to carry the required 600 mL 
water volume 
 There is an opportunity to 
incorporate an overall theme 
into the label due to the 
flowing contours on the 
bottle wall 
The grooves and flowing lines 
in the bottle’s shape provide 
character 
 Transparent blue material 
The slight bow in the bottle’s 
design ensures that it is 
comfortable to hold as it 
matches the contour of a 
typical 95th percentile hand 
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Figure 3:30 - Conceptual Design 3 
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 Conceptual Design Four 3.5.5
This design incorporates a simplistic approach and adapts the adage that less is more. The 
transparent appearance of the PET material selected for this design has been exposed in 
the main feature of the bottle, the grooved helical sweeps. This feature is intended to gain 
its appeal by being visible from all angles of the bottle and show the purity of the water 
stored inside.  
A light blue tinge has been added to the bottle colour in an attempt to gain a point of 
difference from the general disposable water bottles currently available on the market. The 
base of the bottle has been left as a rounded shape with a flat section to support the bottle 
standing. Grooves were trialled in the base of this design, however it was decided that they 
did not fit with the overall direction of the rest of the bottle design. 
The maximum outside diameter of this bottle is 70 mm, the overall height is 190 mm and 
the dry weight without lid is 22 g.  
Table 3:11 - PMI Table Conceptual Design 4 
Plus Minus Interesting 
Straight cylindrical shape 
requiring minimal area to 
carry the required 600 mL 
water volume 
The simplistic design could 
potentially go unnoticed in a 
fridge populated with 
bottled waters 
Transparent blue material 
The constant bottle 
diameter of 70 mm and 624 
g weight of the full bottle, 
means that the shape will 
fit within the comfortable 
holding region of the 95th 
percentile 
This bottle design promotes 
a lack of strength in the 
vertical axis meaning that 
the amount of material 
required to produce this 
bottle is 22 g. This places 
the bottle with some of the 
more material hungry 
designs 
Opportunity to incorporate 
an overall theme into the 
label due to the flowing 
contours on the bottle wall 
Consistency in 
manufacturing is almost 
assured due to simplistic 
design 
 Subtle helical curved 
grooves sweeping from the 
base to the top of the bottle  
The nature of the stress 
direction due to the 
sweeping curved grooves in 
the bottle wall will result in 
the easy crushing of the 
bottle for disposal 
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Figure 3:31 - Conceptual Design 4  
 72 
3.6 Design Selection 
The final design shall be selected using a weighted merit table (Table 3:12). The table 
features five attributes that will determine which bottle shall progress to the detailed 
design and manufacturing stage. 
Each attribute shall be given a value from 1 to 10, with 1 being poor and 10 being excellent. 
The attributes that will decide the final design are as follows: 
 Aesthetics - judged by the polling and focus group surveys. 
 Cost - judged by the price to produce that particular bottle (the cheapest bottle to 
produce will score 10 and the others will be scored relatively to this). 
 Manufacturing - judged by the initial cost of the manufacturing machine, the 
running costs of the machine, the required human input in the manufacturing 
stage, and manufacturing time. 
 Material - judged on the availability of the material and how much material is 
required per bottle. 
 Packaging Ability - judged on the bottle’s ability to be packaged in cartons whilst 
taking the least amount of room and ability to be stacked together. 
The totals for each design will be calculated by multiplying each attribute score by its 
waiting and adding the totals for each design’s weighted attributes together. 
 
Table 3:12 - Weighted merit table for design selection 
Bottle 
Design 
Aesthetics Cost Manufacturing Material 
Recyclability  
Packaging 
Ability 
Total 
 
Weighting /40 /20 /15 /10 /15 /100 
Concept #1 27 18 15 7 15 82 
Concept #2 32 6 3 10 5 56 
Concept #3 38 18 14 7 15 92 
Concept #4 29 20 11 7 13 80 
 
 
As is evident from the results in Table 3:12, design number three has achieved the highest 
score and as such has been selected to progress as the final design. 
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3.7 Finite Element Analysis Validation 
 Task 3.7.1
The purpose of this analysis is to establish a correlation between physical testing, hand 
calculations and FEA to validate the use of just FEA on the final design, a visual 
interpretation of this can be seen on page 72 of this report.  
Static structural loads will be applied to the test bottle 3D model in ANSYS 14.5 until both 
50 MPa and 80 MPa maximum stress levels are reached. The forces applied to achieve both 
stress levels will be the upper and lower limits for failure in physical testing to validate the 
correlation between physical testing and FEA. Manual calculations shall be completed by 
method of eccentric axial loading in a plane of symmetry and also Winkler’s method of 
stresses in curved beams.  
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 Known Quantities 3.7.1.1
 The entire bottle structure is constructed from polyethylene terephthalate with 
mechanical properties as stated in section 3.2.6.1 
 Assumptions 3.7.2
 All dimensions in the 3-D model are as accurate as possible to that of the physical 
bottle being tested. 
 The effect of the bottle’s elastic deformation at the base creating a larger contact 
footprint as it is vertically loaded will have minimal effect on the bottles maximum 
stress capacity. 
 The physical bottle being tested has no pre-existing fractures or irregularities. All 
bottles tested will be visually checked for any obvious signs of irregular stress 
raisers. 
 The physical test will be set up so that only vertical loading will occur as to simulate 
the testing conducted by the FEA. 
 The bottle’s wall thickness is uniform below the top groove and connects to the 
bottle neck with a gradual wall thickness increase occurring above the top groove. 
 Loads and Supports 3.7.3
A. 250 N force applied to the bottle opening lip surface (Lower Limit) 
B. Fixed support applied to the lowest even base surface of the bottle 
C. 400 N force applied to the bottle opening lip surface (Upper Limit) 
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Figure 3:32 - Test Bottle Loads & Supports 
 Mesh 3.7.4
A mesh size of 1 mm has been used for the flat surfaces of the bottle and a mesh 
refinement of 0.1 mm has been placed upon all of the known stress raisers of the bottle. 
The sizings have been deemed appropriate for the overall bottle size and shape. 
 
Figure 3:33 - Test Bottle Mesh 
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 Results 3.7.5
 FEA Calculations 3.7.5.1
The results in Figure 3:34 show the lower limit and upper limit stresses obtained by 
applying the loads of 250 N and 400 N respectively, as detailed in section 3.6.3. These 
results suggest that the physical test specimens will fail when vertically loaded with a force 
of between 250 N and 400 N. 
 
Figure 3:34 - Test Bottle Maximum Stresses 
Figure 3:35 shows the predicted deflection in all three axes when a vertical load of 250 N is 
applied to the bottle.  
 
Figure 3:35 - Test Bottle Maximum Deflection 
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 Manual Calculations 3.7.5.2
Eccentric Axial Loading in a Plane of Symmetry 
Figure 3:36 is a free body diagram of a 1mm wide element which encorporates one of the 
bottle’s notches. This notched section of the bottle has been examined as it is the main 
stress concentration point of the bottle design. Physical testing and manual calculations 
have been employed to verify the results of the finite element analysis completed on this 
design. 
Eccentric axial loading analysis is limited to members which possess a plane of symmetry. 
Each notch on the bottle are identical to each other and are symmetrical about the centre 
of the notch as represented in Figure 3:36. The internal stresses acting on the notched 
cross-section are represented by forces P shown in Figure 3:37. 
Consider element AB; 
 
Figure 3:36 - FBD of 1mm Bottle Notch Element Eccentric Axial Loading 
Represent point C with the free body diagram; 
 
Figure 3:37 - Simplified FBD of 1mm Bottle Notch Element Eccentric Axial Loading 
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Where; 
     
 M  =  Bending Moment  about point C 
 P  =  Load applied to the element 
 d =  Perpendicular distance from point C to the load axis 
                          
Stress in the x direction (  ) can be calculated by superimposing the axial stress with the 
bending stress: 
                           
This yields the equation: 
   
 
 
 
   
  
 
 
Where the second moment of inertia of the notch element (  ) is calculated by: 
   
 
  
      
 
  
                                     
The axial stress is calculated by: 
             
 
 
  
   
           
  
   
                   
         
The bending stress is calculated by: 
             
  
  
  
               
      
         
Adding the stresses yields the results shown in Figure 3:38. 
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Figure 3:38: Stress Distribution of Notch Element 
(Torque Guide  2013) 
 
Winkler’s Method of Stresses in Curved Beams 
An alternative method to calculate the stresses in the bottles notched section is Winkler’s 
method of stresses in curved beams. For this method to be valid the element must be 
considered a beam and have an aspect ratio of equal to or greater than 16.  
Aspect ratio =  
 
 
  
 
 
     
 
  
   
 
  
     
   
      
Much like the eccentric axial loading method, this method sums the axial forces with the 
moment forces to estimate a maximum stress for the element. Winkler’s method uses the 
minimum and arbitrary maximum radii to estimate an upper and lower stress limit. 
Consider a 1mm notch element prepared for Winkler’s method: 
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Figure 3:39- Free Body Diagram of 1mm Notch Element Winkler’s Method 
 
Figure 3:40 - Simplified Free Body Diagram of 1mm Notch Element Winkler’s Method 
 
Where 
 P  = Force Applied to Bottle    =  250 N 
 Rb =  Bottle Radius     = 35 mm 
 Fr  =  Element Resisting Force    =   
 
    
   =    
   
     
 =  1.137 N  
 R1  = Inner Radius     = 1 mm 
 R2max = Minimum Outer Radius    = 1.2 mm 
 Rcmax = Minimum Centre Radius     =          
         
 
 = 1.1 mm 
 h = Width of Element    = 0.2 mm 
 t =  Thickness of Element    = 1 mm 
 Mrmax  = Resisting Moment on Element       =             = 1.25 Nm  
 RNAmax  = Maximum Radius of Neutral Axis = 
 
   
  
  
 
 = 
   
   
   
 
 
  = 1.097 mm 
 emax = Distance between N.A. & Centroid   =   Rc – RNA  =  0.003 mm 
 A = Cross Sectional Area of Element  =           = 0.2 mm2 
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To find the total maximum stress in the element we use the equation: 
     
  
 
  
          
      
 
This yields an upper limit of: 
      
     
   
 
             
           
          
To ascertain the minimum stress in the element the following values will change: 
 R2min = Maximum Outer Radius    = 1.5 mm 
 Rcmin = Minimum Centre Radius     =          
         
 
 = 1.25 mm 
 RNAmin = Minimum Radius of Neutral Axis = 
 
   
  
  
 
 = 
   
   
   
 
 
  = 0.493 mm 
 emin = Distance between N.A. & Centroid = Rcmax–RNAmin=  0.757 mm 
 Mrmin  = Resisting Moment on Element       =            = 1.42 Nm  
This will result in a lower limit of: 
      
  
 
  
          
      
  
     
   
 
    |         |
           
         
By using Winkler’s method of stresses in curved beams it has been ascertained that the 
stress which occurs in the element when a load of 250 N is applied is between 10.5 MPa 
and 207.8 MPa. 
 
 Physical Testing Setup and Results 3.7.5.3
Physical testing was completed using a Hounsfield (now known as Tinius Olsen) H5K-S UTM 
bench top testing machine with 5 kN capacity. The bottle was loaded into the machine with 
rubber mats at both contact patches to minimise the risk of localised stress raisers and thus 
undesirable results. 
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Figure 3:41 - Test Bottle Loading and Failure 
The machine was loaded at a speed of 10 mm/minute and the force applied was plotted 
against the machine extension (Figure 3:42).  A bottle was considered to have failed once a 
crease was made in the bottle wall was not of an elastic nature. This was clearly recognised 
as a breaking noise could be heard and the bottled visibly changed shape almost 
instantaneously.  
 
Figure 3:42 - Test Bottle Force vs Extension Plot 
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Figure 3:43 - Test Bottle Specimen Maximum Loads & Displacements 
A total of six bottles were tested to ensure consistency across the results. Figure 3:43 
displays the maximum loads and the displacement at which they occurred at for each 
bottle. Specimen number four has been classified as an anomaly as it failed at a load of 151 
N, well before the other five bottles tested. The other bottles tested ranged from 225 N to 
269 N of vertical load before failure with an average failure load of 252.5 N when specimen 
four is neglected.  
The average displacement when neglecting specimen number four is 7.84 mm and ranges 
between 7.04 mm and 8.68 mm across the five bottles. 
Table 3:13 - Load Calculation Results Table 
 FEA  
(Lower 
Limit) 
FEA  
(Upper 
Limit) 
Eccentric 
Axial 
Loading 
Winkler’s 
Method 
Physical 
Testing 
(Average) 
Force (N) 250 400 250 250 252.5 
Stress (MPa) 50.415 80.663 46.9 10.5 – 207.8 N/A 
Deflection (mm) 3 3.92 N/A N/A 7.84 
 
3.7.5.3.1 Sealed Bottle Testing 
In practical terms the bottle will be subjected to its worst loading when it is full with water 
and sealed by the bottle cap, as shown in section 3.2.1. To ensure accuracy, the bottle’s 
modelled and tested by FEA were done as an individual item with an open cavity and no 
external factors.  
It was assumed that because of the incompressibility of water compared to air that a 
sealed bottle full of water would be able to withstand much greater loads than an unsealed 
empty bottle as tested.  To confirm the assumption and guarantee that the bottles can 
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withstand these forces when full and sealed, compressive load testing of a bottle full of 
water was completed. 
 
Figure 3:44 - Full Bottle Vertical Compression Failure 
 
Figure 3:45 - Full Bottle Vertical Compression Results 
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Figure 3:45 shows that the assumption was correct and that the maximum vertical load 
increases when the bottle is filled with water and sealed. The load the bottle withstood 
before failure when full was 450.5 N, over 75% more than the empty bottle. 
It is interesting to note that the bottle has failed at the neck in this test as opposed to in 
one of its grooves as it did in the empty bottle test conducted. The failure was not 
catastrophic in nature as the test was stopped once the bottle was plastically deformed. 
 Discussion and Recommendations 3.7.6
As the window for the strength of PET ranges between 50 and 80 MPa the results obtained 
by the physical testing show that the lower limit of the finite element analysis results are 
definitely plausible. The hand calculations conducted also concur with an accuracy of ± 7%. 
It is likely that due to cost the PET used to manufacture disposable water bottles is a lower 
quality. Hence the results indicating the bottle fails when loaded with the amount of force 
that induces approximately 50 MPa of stress.  
It is concluded from these tests that finite element analysis is a viable means of 
approximating the final bottle designs stress handling capabilities.  
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4 Results and Discussion 
4.1 Computer Aided Designs 
The process required to take the conceptual design from a hand drawn sketch on a piece of 
paper to a 3-D CAD model can often be an arduous task that requires copious amounts of 
thought and learning. Translating features from an idea to a realistic drawing sometimes 
demands an intimate knowledge of the CAD program being used and its drawing features. 
Some designs are sketched with the intended CAD program and/or users limitations at the 
forefront of the design requirements. Conceptual designs one and two of this project were 
subject to this design requirement. For conceptual design three a blank canvas approach 
was adapted and no such limitations were considered. This approach resulted in a 
somewhat complex design which required some advanced techniques and features from 
the CAD software, Solid Works 2012 that has been chosen to complete the computer 
modelling.  
 
Figure 4:1 - Conceptual Design 3 Initial Sketch 
As the conceptual design progressed through the stages of drawing and modelling the 
design evolved and features were changed, added and removed. Figure 4:1 is a two-
dimensional side view sketch of the initial concept and the evolution is evident when 
comparing with the final design model in Figure 4:10. Some features were removed due to 
the dimensional constraints that became evident when attempting to draw them in the 3-D 
modelling stage. Whilst the desired effects of some other features did not translate from 
the 2-D sketch to the 3-D model. 
The 3-D modelling of the design was started by sketching the opening of the bottle and 
revolving it around the bottle’s central axis, shown in Figure 4:2. The bottle’s opening was 
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modelled separately so that the shell feature could be employed at a later stage to create 
the bottles cavity. 
 
Figure 4:2 - 3D Model Bottle Opening 
The threads were then added to the bottle opening by adding a helical sweep about the 
bottle’s central axis and using the swept boss feature to add material in the thread’s shape 
along the path created. A circular pattern tool was then used to duplicate this and create 
the three start thread. The dimensions for this feature were dictated by the lid design that 
has been selected. 
 
Figure 4:3- 3D Model Opening Threads 
The main bottle carcass was then drawn using the same technique as the bottle opening, 
with a revolved sketch. The horizontal bottle ribs were drawn in this step as they contain 
no vertical dimension changes and therefore and can be revolved around the bottle’s 
centre axis. 
 
Figure 4:4 - 3D Model Carcass Shape 
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The grooves in the base of the bottle were added to the carcass by using a similar 
technique to the sweep cut and circular pattern which was used to add the bottle threads. 
For this feature however, material was removed to create the grooves in the base of the 
bottle carcass. 
 
Figure 4:5 - 3D Model -Base Grooves 
The main sweep feature on the bottle surface was the most complicated aspect of the 
overall design and was modelled by drawing a 2-D sketch in the centre plane of the bottle 
and projecting the image onto the bottle’s 3-D surface.  
 
Figure 4:6 - 3D Model Swept Feature 
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To ensure that the feature was clearly visible in the finished product once it was 
manufactured a group was implemented to follow the pattern on the surface of the bottle. 
To model this, a 3-D sketch had to be drawn on the surface of the model over the projected 
2-D sketch in order for the sweep cut feature to work properly. This part of the modelling 
process was particularly hard as it required a three-dimensional sketch on a two-
dimensional projection of a three-dimensional object. 
 
Figure 4:7- 3D Model Sweep Cut 
To add the final horizontal grooves to the side of the bottle’s carcass sweep cut was again 
used. New drawing planes were first required to be created at the vertical position of each 
groove. As the radius of curvature of each groove was slightly larger than that of the bottle 
surface, a cross-sectional view at the plane of each groove was required to ensure that the 
path of each groove was consistent and uniform. Due to the bottle’s curvy nature the 
endpoints of each groove was dimensioned from the main swept feature to again ensure 
all grooves were uniform with each other and the flow of the bottle remained 
dimensionally correct. 
 
Figure 4:8 - 3D Model Horizontal Grooves 
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The final step in the modelling process was to give the bottle material a wall thickness to 
create a cavity in the bottle’s carcass. As the wall thickness required from the neck down is 
uniform and follows the contours of the features on the bottle surface a shell feature could 
be used. The use of the shell feature meant extra material needed to be added to give a 
realistic connection between the different wall thicknesses of the bottle carcass and bottle 
opening. To do this a shape was revolved about the centre axis of the bottle to provide a 
smooth transition between the different wall thicknesses as shown in image 4:9. 
 
Figure 4:9 - 3D Model Wall Thickness Transition 
A frosted glass amorphous surface finish was then applied to the sections required. These 
are the dark blue sections pictured on the bottle in Figure 4:10.  The photo view 360 
feature in Solid Works was the final step in the modelling process. This feature was used to 
provide a realistic rendering of what the final bottle will look like once it has been 
manufactured. 
 
Figure 4:10 - 3D Model Photo View 360 
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4.2 3D Print 
Due to the high cost of manufacturing a two piece mould that would be used for the blow 
moulding process it was deemed to be not feasible to produce an actual water bottle from 
the design at this stage. As it is hard to grasp complete dimensions and groove sizings from 
the 2-D renderings of the 3-D water bottle developed in Solid Works, It was decided that to 
get a full understanding of the dimensions a 3-D prototype was needed. 3-D printing was 
seen as a viable option to achieve the desired outcome. Figure 4:11 shows the 9:10 scale 
3D printed model of the chosen design.  
 
Figure 4:11 - Final Design Three Dimensional Print  
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4.3 Finite Element Analysis 
 
 Task 4.3.1
As it is not feasible to build a prototype bottle from PET, this section has obtained the 
design’s vertical and horizontal loading limits through the use of FEA. Maximum loading 
forces have been used to determine the bottle design’s strength and deflection at those 
loads. 
 Known Quantities 4.3.1.1
 The entire bottle structure is constructed from polyethylene terephthalate with 
mechanical properties as stated in section 3.2.6.1 
 All dimensions are in millimetres 
 The structure will be rigidly attached at the base as detailed in section 4.3.3 
 Assumptions 4.3.2
 the model is symmetrical about the XY plane  
 The forces applied are statically loaded 
 No manual calculations are included in this section as the method has been 
justified in section 3.7 of this project 
 The dimensions on the 3-D model are exact to what will be manufactured with the 
exception of wall thickness at the neck of the bottle 
 The bottle’s wall thickness is uniform below the top groove and connects to the 
bottle neck with a gradual wall thickness increase occurring above the top groove. 
This is as close as possible to what will occur in a blow moulded PET bottle of this 
shape  
 The effect of the bottle’s elastic deformation at the base creating a larger contact 
footprint as it is vertically loaded will have minimal effect on the bottles maximum 
stress capacity 
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 Mesh & Symmetry 4.3.3
Due to the complex design of this bottle the mesh used for the FEA validation bottle could 
not be used on this model. A refined mesh combining node spacing of between 0.01 mm 
and 0.1 mm was required to ensure that all nodes sat correctly on the model to allow the 
mesh to generate.  
 
Figure 4:12 – FEA Mesh & Symmetry Plane 
The right side of Figure 4:12 shows the axis of symmetry about the XY plane used for this 
analysis. Symmetry was used to minimise the size of the model and the amount of nodes 
and elements required. This was essential due to licensing restrictions with the version of 
ANSYS on the computer used. 
 
 95 
 Vertical Loading 4.3.4
 Loads and Supports 4.3.4.1
A. 280 N force applied to the bottle opening lip surface (Lower Limit) 
B. Fixed support applied to the lowest even base surface of the bottle 
C. 430 N force applied to the bottle opening lip surface (Upper Limit) 
 
Figure 4:13 - Vertical Loads & Supports 
 Results 4.3.4.2
 
Figure 4:14 - Maximum Vertical Load Stresses 
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As discovered in section 3.7.5 of this report, the failure point of PET water bottle is when 
the bottle stress is approximately 50 MPa. Using high quality PET will increase the yielding 
point to approximately 80 MPa. The results in Figure 4:14 were obtained by trial and error 
method until 50 MPa and 80 MPa maximum stress was achieved. This results in the 
maximum vertical force limits that this bottle design can handle being between 280N - 
430N.  
 
Figure 4:15 - Vertical Load Deflection 
At the load of 430 N the maximum vertical displacement is calculated to be approximately 
3.15 mm. It was discovered in section 3.7.5 that the displacement calculated by finite 
element analysis and the actual displacement from physical testing differed. It is expected 
that the vertical displacement that would occur in a physical test of this design would be 
much greater than what is shown in the FEA results. 
 Discussion and Recommendations 4.3.4.3
It was ascertained in section 3.2.1 that the maximum vertical loading a bottle will be 
subjected to is approximately 128 N. The bottles will only be required to withstand this 
load when they are filled with water and sealed by the bottle cap.  As shown in section 
3.7.5.3.1 bottle strength will increase in this situation. This ensures that the bottle’s ability 
to withstand vertical load far exceeds the requirements it will be subjected to throughout 
transportation from manufacturing to the consumer.  
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 Horizontal Loading  4.3.5
Horizontal loading is used to simulate the force applied on the bottle carcass when 
removing the bottle’s lid.  
 Loads and Supports 4.3.5.1
A. 21.7 N force applied across an area of 44.45 cm2 in the middle of the bottle on the 
left side  
B. 21.7 N force applied a cross an area of 19.75 cm2 in the middle of the bottle on the 
right side 
C. Fixed support applied to the lowest even base surface of the bottle 
 
Figure 4:16- Horizontal Loads & Supports 
A total surface area of 64.2 cm² has been used to simulate a hand holding the bottle, with 
fingers on one side and a thumb on the other. This size has been calculated for worst-case 
scenario loading by using the dimensions of the 5th percentile female hand were only  the 
area of the fingers and thumb have been added. (Hand Anthropometry  2007) The 
placement of where the force acts was dictated by the drawing of the model and the 
limitations with its integration with ANSYS. Whilst it is not an exact representation it is 
assumed to have minimal effect on the overall results and is therefore deemed to be 
negligible. 
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 Results 4.3.5.2
 
 
Figure 4:17 - Horizontal Load Stresses 
 
The maximum stress the bottler subjected to when two opposing forces with a magnitude 
of 21.7 N each are applied horizontally on the bottle’s wall is 34.14 MPa. This stresses in 
the bottle’s elastic deformation range and will see the bottle and return to its original form 
once the loads are removed.  
It is expected that a bottle filled with water and a cap on to create a seal will handle meet 
the applied forces with an opposing reaction force. This will result in a reduction in 
maximum stress exerted through the body of the bottle, much like what is shown in section 
3.7.5.3.1. 
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Figure 4:18 - Horizontal Load Deflection 
When this maximum load is applied the results of the FEA calculate that the deflection in 
the bottle in the two horizontal axes 9.8 mm and 13.9 mm respectively.  Again, this is 
worst-case scenario loading with only the bottle material resisting the forces applied. With 
the bottle full of water and a seal created by the cap it is anticipated that the deflection will 
be much lower than these results show. 
 Discussion and Recommendations 4.3.5.3
The FEA completed on this design shows that compared to the bottle tested in section 3.7 
this bottle can cope with the applied forces slightly better. This would suggest that the 
design is therefore reasonable with regards to the strength requirements needed by a 
disposable water bottle.  
If the bottle is manufactured and the FEA results are found to be incorrect, the wall 
thickness can be easily increased by using a larger pre-form to blow mould the bottle 
shape. This will increase the bottles overall strength and reduce deflection.  
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5 Conclusion & Recommendations 
The purpose of this project was to design an aesthetically pleasing disposable water bottle 
to go on sale in an Australian market. To understand how to complete this task initial 
research was conducted into the current market position and the bottles presently 
available. A target demographic was selected to focus the bottle design on. An engineering 
design approach with a heavy focus on consumer research and opinion was adapted to 
develop the final bottle design. The main variable factors of the bottle design that were 
focused on in the research stage were the bottle opening, the lid type, bottle shape, bottle 
size and the colours used in the overall package. 
The survey results found the target demographics opinion on the variable design factors 
and were used to provide four different conceptual designs that were ultimately reduced 
to a final design. The final design was chosen by means of a weighted decision matrix which 
also featured a survey calling for the target demographic focus group’s favourite design. 
Finite element analysis was confirmed as a viable means of testing and was conducted on 
the final design to ensure it can withstand the rigours it would be subjected to throughout 
its life-cycle as a disposable water bottle.   
5.1 Future Work & Recommendations 
Future work to be completed for the final bottle design of this project include the physical 
testing of the design once has been manufactured, the design of the label and the naming 
of the bottled water brand.  
Much of the background research for the label has been completed in this project, 
particularly with respect to the label’s colour. As the resources were readily available to 
conduct this research the opportunity was seized. Whilst it would be of little use for this 
paper it is believed that the information will be invaluable for future reference. The 
designing of a bottle label however is outside of the scope of this project.    
A potential future research area outside of this project lies in exploring the use of different 
materials to manufacture disposable water bottles that are more environmentally friendly. 
The material must be able to biodegrade at a much faster rate than the standard PET once 
the contents of the bottle have been consumed on the bottle has been disposed of. A 
reasonable shelf life must be maintained without emitting any substances into the bottle’s 
contents as this could be hugely detrimental to the bottle’s brand.  
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Appendix A: Project Specification 
FOR:    Jy Lovett (U1004403)  
TOPIC:    Recyclable Water Bottle Design 
SUPERVISOR:   Stephen Goh 
ENROLMENT:   ENG 4111 – S1, 2013; 
    ENG 4112 – S2, 2013 
PROJECT AIM: To design an aesthetically pleasing water bottle. Define the 
manufacturing process, materials and complete finite 
element analysis on the design. 
SPONSORSHIP:    Lonel Pty. Ltd. 
PROGRAMME:    
1.  Research the history of the disposable water bottle and the factors that made them 
become what they are today, exposing any potential flaws and areas of 
improvement.  
2. Research the specific materials currently used in the manufacturing of water 
bottles and how they impact on aesthetics.  
3. Investigate a key market to target with the new design of the water bottle, 
researching their opinions on the aspects of desirable bottled water. 
4. Using the knowledge researched, conceptually design four different water bottles. 
5. Conduct a survey on which design is more popular within the target demographic 
chosen. 
6.  Choose a material and manufacturing process for the selected design. 
7. Complete finite element analysis to ensure the design strength. 
8. Create a 3-D print model of the final design to check the model for flaws. 
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 Appendix B: Resource Planning & Timing  
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Week Starting Task to Complete Resources 
Needed 
Forms to 
Complete 
Chapters 
Completed 
1/7/13 Literature Review Computer, 
Internet 
 1 
8/7/13 Literature Review & 
Design Methodology 
 Resource Request 
for 3-D printing 
1,2 
15/7/13 Design Methodology, 
Preliminary Survey 
Completed 
Initial Survey 
Questions, 25 
males & 25 
females aged 
18-30 
 1,2 
22/7/13 Design Methodology   1,2,3 
29/7/13 Conceptual Design Solid Works  1,2,3 
5/8/13 Finish conceptual 
designs, conduct final 
surveys on designs 
Final Survey 
Questions, 25 
males & 25 
females aged 
18-30 
 1,2,3 
12/8/13 Finish final design 
modelling for 3-D 
printing, select material, 
contact tooling 
manufacturer to book 
slot & get quote 
 Inform project 
sponsor of tooling 
costs 
1,2,3 
19/8/13 Complete FEA, Get 
prototype of final design 
3-D printed 
ANSYS 14, 3-D 
Printer 
 1,2,3 
26/8/13 Tooling Design  Resource request 
for Z Block testing 
1,2,3 
2/9/13 Complete any work 
outstanding for chapter 
4, Tooling Manufactured 
Money from 
project sponsor 
 1,2,3,4 
9/9/13 Results & discussion, 
Manufacture one 
complete carton of 
water 
  1,2,3,4 
16/9/13 Results & discussion, 
Testing 
Z Block testing 
apparatus 
 1,2,3,4 
23/9/13 Results & discussion, 
Conclusion & 
Recommendations  
  1,2,3,4,5 
30/9/13 Conclusion & 
Recommendations 
 Resource Request 
for printing 
project 
1,2,3,4,5,6 
7/10/13 Proof read dissertation 
and fix any errors 
 Book Printing 1,2,3,4,5,6 
14/10/13 Decide final formatting   1,2,3,4,5,6 
21/10/13 Get dissertation printed Printing  1,2,3,4,5,6 
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Appendix C: Testing 
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Complete data log has been omitted due to lack of relevance for the amount of space needed to present it.
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Appendix D: Risk Assessment 
Risk assessment is a systematic examination of any activity, location or operational system 
in order to control hazards and manage risk.  A risk assessment enables an individual to: 
 Identify hazards; 
 Understand the likelihood and potential consequences of the hazards (i.e. the risk); 
 Review the current or planned approaches to controlling the risks; and 
 Add new control measures where required. 
It is an ongoing process and should be carried out by the Category 4 Delegate particularly 
when changes to equipment, layout or procedures occur in a work area.  A risk assessment 
of a work area is synonymous with a safety audit. 
A Risk Assessment must be completed before a Hazardous Substance is used. 
The process of risk assessment involves 8 basic steps: 
Step 1: Decide who should be involved 
Step 2: Identify hazards 
Step 3: Analyse consequences (potential injury, property damage, etc) 
Step 4: Assess risk (probability, frequency, severity of injury or loss) 
Step 5: Determine action (methods of removing or reducing risk) 
Step 6: Implement controls (redesign, removal, new methods, audit) 
Step 7: Evaluate controls 
Step 8: Keep a record of the assessment and review regularly 
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Hierarchy of Control 
Actions resulting from risk assessments should follow the hierarchy of control, a systematic 
approach to selecting control measures.  It involves the selection of the most appropriate 
control measures for the particular hazard.  The following group of control measures are 
available: 
1. Elimination 
2. Substitution 
3. Redesign 
4. Engineering 
5. Administrative 
6. Personal protective equipment. 
When a control measure is being chosen, it is important to begin at the top of the list and 
work down until the most appropriate control measure is selected.  The nearer to the top 
of the list a control measure is, the more effective it will be.  
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Potential 
hazard 
Who is at 
risk 
Existing 
control 
measures 
Risk 
rating 
Preventative 
measures 
Responsibilities 
Not 
completing 
the project on 
time 
Project 
author, 
Supervisor & 
Course 
Moderator  
Gantt chart, 
fortnightly 
meetings with 
supervisor. 
E,II = 
Low 
Staying on task 
and adhering 
to Gantt chart 
critical path 
Project author 
Designing a 
faulty bottle  
Project 
sponsor & 
Project 
author 
Due diligence 
to be 
completed for 
design and 
manufacturing 
specifications 
D, II = 
Medium 
Seek 
professional 
opinions 
before 
manufacturing 
stage 
Project author 
Mould designs 
incorrect 
Project 
sponsor & 
Project 
author 
Triple check 
measurements 
D, III = 
Low 
Have 
supervisor 
inspect on 
drawing 
completion 
Project author 
Incorrect 
material 
selected for 
bottle 
manufacture 
Project 
sponsor & 
Project 
author 
Check with 
food safe 
standards 
during 
material 
selection 
E, I = 
Medium 
Have 
supervisor 
approve 
material 
selection 
Project author 
Thesis 
working file 
becomes lost 
or damaged 
Project 
author 
Backup files D, II = 
Medium 
Use more than 
one of backing 
up files 
Project author 
 
Tooling 
manufacturing 
Manufacturer OH&S 
procedures 
E,II = 
Low 
Ensure correct 
procedures 
are always 
followed 
Manufacturer 
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Appendix E: Human Research Ethics 
Application Form 
 
 116 
 
 
 
 117 
 
 
 
 118 
 
 
 
 119 
 
 
 
 120 
 
 
 
 121 
 
 
 
 
 122 
 
 
 
 123 
Appendix F: Survey Logs 
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Appendix G: Matlab Code 
%% Header Section 
%Program Name:      Cylindrical Bottle Required Sizing 
%Creator Name:      Jy Lovett 
%Date Created:      7/08/2013 
%User Functions:    No Functions Required 
%Description:       This code is designed to generate a graph which  
%                 plots the required bottle height for different  
%     bottle radii. 
  
                   
%Closes any open plots, clears variables, and clears the command 
window 
clear, clc, close all 
  
%% Input Section 
% Define Variables 
  
r = 30:0.5:36;          % Bottle radius array               (mm) 
v = [600 600 600 600 600 600 600 600 600 600 600 600 600]; 
                        % Bottle volume                     (mm^3) 
a = pi*r.^2;            % Cross sectional area              (mm^2) 
n = 22;                 % Bottle neck allocation            (mm) 
s = 20;                 % Neck slope allocation             (mm) 
h =((v./a)*1000)+n+s;   % Overall bottle height required    (mm) 
  
%Plot Graph 
  
plot(r,h) 
title('600 mL - Bottle Height Vs Bottle Radius') 
xlabel('Average Bottle Radius (mm)') 
ylabel('Overall Bottle Height (mm)') 
grid on 
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Appendix H: Solid Modelling & 
Engineering Drawing 
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